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THE  SECONDARY  MECHANICAL  SCIENCES. 


HISTORY  OF  ACOUSTICS. 


Qo,  demand 

Of  mighty  Nature,  if  'twas  ever  meant 

That  we  should  pry  fiur  off  and  be  unralsed, 

niat  we  should  pore,  and  dwindle  as  we  pore, 

Viewing  all  objects  unremittingly 

In  disconnexion  dead  and  spiritless ; 

And  still  dividing,  and  dividing  stiU, 

Break  down  all  grandeur,  stUl  unsatisfied 

With  the  perverse  attempt,  while  littleness 

May  yet  become  more  little ;  waging  thus 

An  impious  warfitre  'gainst  the  very  life 

Of  our  own  souls.  WoBOSwcnoB,  Eaeurmiu 


'£m«|ilyip  a 

Sff  a^fMV  'APMONIHS  9m^faiT4p0ff  hnHk  W/ifQ 

loW  §Um  hdu  rhnf  rtr^vyc  itivpmm 

▲irvrayf.  NomnTt.  IHonjftiae.  xli.  S7i. 

Along  the  skiey  aich  the  goddess  trode, 
And  sought  Harmonia's  august  abode ; 
Tlie  univerBal  plan,  the  mystic  Four, 
Defines  the  figure  of  the  palace-floor. 
Solid  and  square  the  ancient  fiibric  stands. 
Raised  by  the  labors  of  unnumbered  hands. 
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INTRODUCTION. 
The  Secondary  Mechanical  Sciences. 

r\  the  sciences  of  Mechanics  and  Physical  Astronomy,  Motion  and 
Force  are  the  direct  and  primary  objects  of  our  attention.  Bat 
there  is  another  class  of  sciences  in  which  we  endeavor  to  reduce 
phenomena,  not  eyidently  mechanical,  to  a  known  dependence  upctt 
mechanical  propertieB  and  laws.  In  the  cases  to  which  I  refer,  the 
fiicts  do  not  present  themselves  to  the  senses  as  modifications  of  posi- 
tion and  motion,  bnt  as  ieeondary  gwiUtiee^  which  are  fbnnd  to  be  in 
some  way  derived  from  those  primary  attributes.  Also,  in  these  cases 
the  phenomena  are  reduced  to  their  mechanical  laws  and  causes  in  a 
secondary  manner ;  namely,  by  treating  them  as  the  operation  of  a 
medium  interposed  between  the  object  and  the  oigan  of  sense.  These, 
then,  we  may  call  Secondary  Mechanical  Sciences^  The  sciences  dt 
this  kind  which  require  our  notice  are  those  which  treat  of  the  send- 
ble  qualities,  Sound,  Light,  and  Heat ;  that  is.  Acoustics,  Optics,  and 
Thermotics. 

It  will  be  recollected  that  our  object  is  not  by  any  means  to  give  a 
full  statement  of  all  the  additions  which  have  been  successively  made 
to  our  knowledge  on  the  subjects  under  review,  or  a  complete  Hst  of 
the  persons  by  whom  such  additions  have  been  made ;  but  to  present 
a  view  of  the  progress  of  each  of  those  branches  of  knowledge  a$ 
a  thearetieal  edenee  ; — to  point  out  the  E^chs  of  the  discovery  of 
those  general  principles  which  reduce  many  &cts  to  one  theory ;  and 
to  note  all  that  is  most  characteristic  and  instructive  in  the  circum- 
stances and  persons  which  bear  upon  such  Epochs.  A  history  of 
any  science,  wfitten  with  such  objects,  will  not  need  to  be  long ;  but 
it  wiU  &il  in  its  purpose  altogether,  if  it  do  not  distinctiy  exhibit  some 
well-m«rked  and  prominent  features. 


24  HXBTOXY  or  ACX)U8!n£». 

We  begin  oar  accoant  tf  the  Secondtrf  MechAxiical  Soiences  with 
Acoustics,  because  the  prifgress  towards  jeight  theoretical  yicwb,  was,  in 
fitct,  made  much  earlier  in  the  science  of  Sound,  than  in  those  of  light 
,  and  of  Heat ;  ayd  also,  because  a  clear  comprehension  of  the  theory 
to  which  we  are  led  in  this  case,  is  the  best  preparation  for  the  difficult 
ties  (by  no  means  inconsiderable)  of  the  reasonings  of  theorists  on  the 
other  subjects. 


CHAPTER  I. 
Pbbludk  to  thx  Solution  of  Probuucs  ik  Aooustios. 

rr  some  measure  the  time  theory  of  sound  was  guessed  by  very  early 
speculators  on  the  subject;  though  undoubtedly  conceived  in  a 
very  vague  and  wavering  manner*  That  sound  is  caused  by  some 
motion  of  the  sounding  body,  and  conveyed  by  some  motion  ct  tiie 
air  to  the  ear,  is  an  opinion  which  we  trace  to  the  earliest  times  of 
physical  philosophy.  We  may  take  Aristotle  as  the  best  expounder 
of  this  stage  of  opinion.  In  his  Treatise  On  Sound  and  Heaartng^  he 
says,  *'  Sound  takes  place  when  bodies  strike  the  air,  not  by  the  air 
liaving  a»/ofm  impressed  upon  it  (er^^iiffrari^ofMvov),  as  some  tiliink,  but 
by  its  being  moved  in  a  corresponding  manner;  (probably  he  means 
in  a  manner  corresponding  to  the  impulse ;)  the  air  being  contracted, 
and  expanded,  and  overtaken,  and  again  struck  by  the  impulses  <tf  the 
breath  and  of  the  strings.  For  when  the  breath  £sdls  upon  and  strikes 
the  air  which  is  next  it,  the  air  is  carried  forwards  with  an  impetas» 
and  that  which  is  contiguous  to  the  first  is  carried  onwards ;  so  that 
the  same  voice  spreads  every  way  as  fiir  as  the  motion  <rffhe  air  takes 
place." 

As  is  the  case  with  all  such  specimens  of  ancient  phyBics,  different 
persons  would  find  in  such  a  statement  very  different  measures  of 
truth  and  distinctness.  The  admirers  of  antiquity  might  easily,  by 
pressing  the  language  closely,  and  using  the  light  of  modem  discovery, 
detect  in  this  passage  an  exact  account  of  the  production  and  px)pa- 
gation  of  sound :  while  others  might  maintain  that  in  Aristotle's  own 
mind,  there  were  only  vague  notions,  and  verbal  generaliiationSk    This 
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latter  opinion  is  very  emphiibiilly  expreflaei  by  Bacon.^  ^  The  ooUi- 
aion  or  thrusting  of  air,  whicli  they  will  luqgio  be  the  canse  of  loimdy 
neUher  denotes  the  /arm  nor  the  latent'  process  <^  sonnd;  bat  is  a 
tefm  of  ignorance  and  of  superficial  contemplation."^  Nr>r  can  it  be , 
justly  denied,  that  an  exact  and  distinct  apprehension  of  the  kind  of 
motion  of  the  air  by  which  sonnd  is  diffosed,  was  beyond  the  reach  of 
the  ancient  philosophers,  and  made  its  way  into  the  world  long  after- 
wards. It  was  by  nooneans  easjr  to  reconcile  the  natare  of  snch  motion 
with  obyions  phenomena.  For  the  process  'is  not  evident  as  motion ; 
since,  as  Bacon  also  observes,*  it  does  not  visibly  agitate  the  flame  of  a 
candle,  or  a  feather,  or  any  light  floating  substance,  by  which  the  slight- 
est motions  of  the  air  are  betrayed.  Still,  the  persuasion  that  sound 
is  some  motion  of  the  fdr,  continued  to  keep  hold  of  men^s  minds,  and 
acquired  additional  distinctness.  The  illustration  employed  by  Vitru- 
vius,  in  the  follovring  passage,  is  even  now  one  of  the  best  we  can. 
offer.'  ^  Voice  is  brea^  flowing,  and  made  sensible  to  the  hearing  by 
striking  the  air.  It  moves  in  infinite  circumferences  of  circles,  as 
when,  by  throwing  a  stone  into  still  water,  you  produce  innumerable 
circles  of  waves,  increasing  from  the  centre  and  spreading  outwards^ 
till  the  boundary  of  the  space,  or  some  obstacle,  prevents  their  outlines 
from  going  further.  In  ike  same  manner  the  voice  makes  its  motion 
in  circles.  But  in  water  the  circle  moves  breadthways  upon  a  level 
pUin ;  the  voice  proceeds  in  breadth,  and  also  successively  ascends  in 
height" 

Both  the  comparison,  and  the  notice  of  the  difference  of  the  tw9 
cases,  prove  the  architect  to  have  had  very  clear  notions  on  the  sub- 
ject; which  he  further  shows  by  comparing  the  resonance  of  the 
walls  of  a  building  to  the  disturbance  of  the  outline  of  the  waves  of 
water  when  they  meet  with  a  boundary,  and  are  thrown  bacL  ^  There- 
fore, as  in  the  outlines  of  waves  in  i^ater,  so  in  the  voice,  if  no  obstacle 
interrupt  the  foremost,  it  does  not  disturb  the  second  and  the  following 
ones,  so  that  all  come  to  the  ears  of  persons,  whether  high  up  or  low 
down,  without  resonance.  But  when  they  strike  against  obstacles,  the 
for^nost)  being  thrown  back,  disturb  the  lines  of  those  which  follow.^ 
Similar  analogies  were  employed  by  the  ancients  in  order  to  explain 
the  occurrence  of  Echoes.  Aristotle  says,*  ^An  Echo  takes  place, 
when  the  air,  being  as  one  body  in  consequence  of  the  vessel  which 
bounds  it,  and  being  prevented  from  being  thrust  forwards,  is  reflected 
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back  like  a  ball''  Nothing  material  was  added  to  aach  views  till 
modem  timea. 

Thna  the  fint  conjectnreB  of  those  who  philosophixed  coDc^ming 
soand,  led  them  to  an  opinion  conceraing  its  caoses  and  laws,  which 
only  required  to  be  distinctly  understood,  and  traced  to  mechanical 
principles^  in  order  to  form  a  genuine  science  of  Acoustics.  It  wa% 
no  doubt,  a  work  which  required  a  long  time  and  sagacious  reasonersi 
to  supply  what  was  thus  wanting ;  but  still,  in  consequence  of  thia 
peculiar  circumstance  in  the  early  condition  of  the  prevalent  doctrine 
concerning  sound,  the  history  of  Acoustics  assumes  a  peculiar  fbmi. 
Instead  of  containing,  like  the  history  of  Astronomy  or  of  Optica,  a 
series  of  generalizations,  each  including  and  rising  above  preceding 
generalizations;  in  this  case,  the  highest  generalization  is  in  view 
from  the  first ;  and  the  object  of  the  philosopher  is  to  determine  ita 
precise  meaning  and  circumstances  in  each  example.  Instead  ci 
having  a  series  of  inductive  Truths,  successively  dawning  on  men's 
minds,  we  have  a  series  of  Explanations,  in  which  certain  experi- 
mental &cts  and  laws  are  reconciled,  as  to  their  mechanical  principles 
and  their  measures,  with  the  general  doctrine  already  in  our  possea- 
sion.  •  Instead  of  having  to  travel  gradually  towards  a  great  discovery, 
like  Universal  Gravitation,  or  Luminiferous  Undulations,  we  take  our 
stand  upon  acknowledged  truths,  the  production  and  propagation  of 
sound  by  the  motion  of  bodies  and  of  air;  and  we  connect  these 
with  other  tniths,  the  laws  of  motion  and  the  known  properties  of 
bodies,  as,  for  instance,  their  elasticity.  Instead  of  £pochs  of  Dis^ 
eover^j  we  have  Solutions  of  ProblerM  ;  and  to  these  we  must  now 
proceed. 

We  must,  however,  in  the  first  place,  notice  that  these  Problems 
include  other  subjects  than  the  mere  production  and  propagation  of 
sound  generally.  For  such  questions  as  these  obviously  occur: — 
what  are  the  laws  and  cause  of  the  differences  of  sounds ;— of  acute 
and  grave,  loud  and  low,  continued  and  instantaneous ; — and,  again, 
of  the  differences  of  articulate  sounds,  and  of  the  quality  of  different 
voices  and  different  instruments  ?  The  first  of  these  questions,  in 
particular,  the  real  nature  of  the  difference  of  acute  and  grave  sounds, 
could  not  help  attracting  attention ;  since  the  difference  of  notes  in 
this  respect  was  the  foundation  of  one  of  the  most  remarkable  mathe- 
matical sciences  of  antiquity.  Accordingly,  we  find  attempts  to 
explain  this  difference  in  the  ancient  writers  on  music.  In  Ptolemy's 
HcurmomcB^  the  thud  Chapter  of  the  first  Book  is  entitled,  ""  II  •  the 
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acnteneaB  and  gravenees  of  notes  is  prodnced ;"  and  in  this,  after 
noting  generally  the  difference  of  sounds,  and  the  causes  of  difference 
(whicli  he  states  to  be  the  force  of  the  striking  body,  the  physical 
constitution  of  the  body  struck,  and  other  causes),  he  comes  to  the 
conclusion,  that  **  the  things  which  produce  acuteness  in  sounds,  are  a 
greater  density  and  a  smaller  size ;  the  things  which  produce  grave- 
nesB,  are  a  greater  rarity  and  a  bulkier  form."  He  afterwards  explains 
this  so  as  to  include  a  considerable  portion  of  truth.  Thus  he  says, 
**  Tliat  in  strings,  and  in  pipes,  other  tiungs  remaining  the  same,  those 
which  are  stopped  at  the  smaller  distance  from  the  bridge  give  the 
mofct  acute  note ;  and  in  pipes,  those  notes  which  come  through  hdes 
nearest  to  the  mouth-hole  are  most  acute.''  He  even  attempts  a 
forther  generalizatidn,  and  says  that  the  greater  acuteness  arises,  in 
&ct,  from  the  body  being  more  tense ;  and  that  thus  *'  hardness  may 
counteract  the  effect  of  greater  density,  as  we  see  that  brass  produces 
a  more  acute  sound  than  lead."  But  this  author's  notions  of  tension^ 
since  they  were  applied  so  generally  as  to  include  both  the  tension  of 
a  string,  and  the  tension  of  a  piece  of  solid  brass,  must  necessarily 
have  been  very  vague.  And  he  seems  to  have  been  destitute  of  any 
knowledge  of  the  precise  nature  of  the  motion  or  impulse  by  which 
sound  is  produced ;  and,  of  course,  still  more  ignorant  of  the  me» 
chanical  principles  by  which  these  motions  are  explained.  Th^  notion 
of  vHMratiom  of  the  parts  of  sounding  bodies,  does  not  appear  to  have 
been  dwelt  upon  as  an  essential  circumstance ;  though  in  some  casesi 
as  in  sounding  strings,  the  &ct  is  very  obvious.  And  the  notion  of 
vibrations  of  the  air  does  not  at  all  appear  in  isncient  writers,  except 
so  &r  as  it  may  be  conceived  to  be  implied  in  the  comparison  of 
aerial  and  watery  waves,  which  we  have  quoted  from  Yitruvius.  It 
is,  however,  very  unlikely  that,  even  in  the  case  of  water,  the  motions 
of  the  particles  were  distinctly  conceived,  for  such  conception  is  &r 
from  obvious* 

The  attempts  to  apprehend  distinctiy,  and  to  explain  mechanically, 
the  phenomena  of  sound,  gave  rise  to  a  series  of  Problems,  of  which 
we  must  now  give  a  brief  history.  The  questions  which  more* 
peculiariy  constitute  the  Science  of  Acoustics,  are  the  questions  con- 
cerning those  motions  or  affections  of  the  air  by  which  it  is  the 
medium  of  hearing.  But  the  motions  of  sounding  bodies  have  both 
so  much  connexion  with  those  of  the  medium,  and  so  much  resem- 
blance to  them,  that  we  shall  include  in  our  survey  researches  on  that 
subject  also. 
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C5HAPTER  n.  2: 

^1 
Pboblim  of  thk  Yibratiokb  of  Stbinob.  ^ 

rriHAT  the  continiiation  of  sound  depends  on  a  continaed  minute  and 
-L  rapid  motion,  a  shaking  or  trembling,  of  the  parts  of  the  sounding 
body,  was  soon  seen.  Thus  Bacon  says,^  '^The  duration  of  the  sound 
of  a  bell  or  a  string  when  struck,  which  appears  to  be  prolonged  and 
gradually  extinguished,  does  not  proceed  from  the  first  percussicm; 
but  the  trepidation  of  the  body  struck  perpetually  generates  a  new  ' 
sound.  For  if  that  trepidation  be  prevented,  and  the  bell  or  string  be 
stopped,  the  sound  soon  dies :  as  in  spinets^  as  soon  as  the  spine  is  let  ^ 
M  so  as  to  touch  the  string,  the  sound  ceases."  In  the  case  of  a  ^ 
stretched  string,  it  is  not  difficult  to  perceive  that  the  motion  is  a 
motion  back  and  forwards  across  the  straight  line  which  the  string 
occupies  when  at  rest  The  further  examination  of  the  quantitative 
circumstances  of  this  oscillatory  motion  was  an  obvious  problem  ;  and 
especially  after  oscillations,  though  of  another  kind  (those  of  a  pendu- 
lous body),  had  attracted  attention,  as  they  had  done  in  the  school  of 
Galileo.  Mersenne,  one  of  the  promulgators  of  Galileo's  philosophy  in 
France,  is  the  first  author  in  whom  I  find  an  examination  of  the  details 
of  this  case  (Sarmonicorum  Ltber^  Paris,  1636).  He  asserts,*  that  the 
differences  and  concords  of  acute  and  grave  sounds  depend  on  the 
rapidity  of  vibrations,  and  their  ratio ;  and  he  proves  this  doctrine  by 
a  series  of  experimental  comparisons.  Thus  he  finds*  that  the  note  of 
a  staring  is  as  its  length,  by  taking  a  string  first  twice,. and  then  four 
times  as  long  as  the  original  string,  other  things  remaining  the  same. 
This,  indeed,  was  known  to  the  ancients,  and  was  the  basis  of  that 
numerical  indication  of  the  notes  which  the  proposition  expresses. 
Mersenne  further  proceeds  to  show  the  effect  of  thickness  and  tension. 
He  finds  (Prop.  7)  that  a  string  must  be  four  times  as  thick  as  another, 
to  give  the  octave  below ;  he  finds,  also  (Prop.  8),  that  the  tension 
must  be  about  four  times  as  great  in  order  to  produce  the  octave  above. 
From  these  proportions  vinous  others  are  deduced,  and  the  law  of  the 
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pkaumma  of  this  kind  may  be  considered  as  determined.  Mersenne 
abo  undertook  to  fMomre  the  phenomena  nmnericaily,  that  ia  to 
determine  the  nmnber<tf  vibrations  of  the  string  in  each  of  such  cases; 
which  at  first  might  appear  difficult,  since  it  is  obvionsly  impossible  to 
count  with  the  eye  the  passages  of  a  sounding  string  backwards  and 
forwards.  But  Mersenne  rightly  assumed,  that  the  number  of  Yibra> 
tions  is  the  same  so  long  as  the  tone  is  the  same,  and  that  the  ratios 
di  the  numbers  of  vibrations  of  different  strings  may  be  determined 
firom  the  numerical  relations  of  their  notes.  He  had,  therefore,  only 
to  det^mine  the  number  of  vibrations  of  one  certain  string,  or  one 
known  note,  to  know  those  of  all  others.  He  took  a  musical  string  of 
thre^uarters  of  a  foot  long,  stretched  with  a  weight  of  six  ponndsaad 
five  eighths,  which  he  found  gave  him  by  its  vibrations  a  certain  stand- 
ard note  in  his  oigan :  he  found  that  a  string  of  the  same  material 
and  tension,  fifteen  feet,  that  is,  twenty  times  as  long,  made  ten  recur- 
rences in  a  second;  and  he  inferred  that  the  number  of  vilnratioBs 
of  the  shorter  string  must  also  be  twenty  times  as  great ;  and  thus 
such  a  string  must  make  in  one  second  of  time  two  hundred  vibnir 
tions. 

This  determination  of  Mersenne  does  not  appear  to  have  attracted 
doe  notice ;  but  some  time  afterwards  attempts  were  made  to  ascer- 
tain the  connexion  between  the  sound  and  its  elementary  pulsations  in 
a  more  direct  manner.  Hooke,  in  1681,  produced  sounds  by  the  strik- 
ing of  the  teeth  of  brass  wheels,*  <^<^  Stancari,  in  1706,  by  whiriing 
round  a  large  wheel  in  air,  showed,  before  the  Academy  of  Bologna, 
how  the  number  of  vibrations  in  a  given  note  might  be  known.  Sau- 
veur,  who,  though  deaf  for  the  first  seven  years  of  his  life,  was  one  of 
the  greatest  promoters  of  the  science  of  sound,  and  gave  it  its  name 
of  AcouiticSj  endeavored  also,  about  the  same  time,  to  determine  the 
number  of  vibrations  of  a  standard  note,  or,  as  he  called  it,  Fixed 
Sound.  He  employed  two  methods,  both  ingenious  and  both  indi- 
rect The  first  was  the  method  of  beats.  Two  oigan-pipes,  which 
fonn  a  discord,  are  often  heard  to  produce  a  kind  of  howl,  or  wofff 
noise,  the  sound  swdling  and  declining  at  small  intervals  of  time.  This 
was  readily  and  rightiy  ascribed  to  the  coincidences  of  the  pulsations 
of  sound  of  the  two  notes  after  certain  cycles.  Thus,  if  the  number 
of  vibrations  of  the  notes  were  as  fifteen  to  sixteen  in  the  same  time, 
every  fifteenth  vibration  of  the  one  would  coincide  with  every  six- 
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teenth  yibntkm  of  the  other,  while  all  the  mteimediate  Tibntioiis  d 
the  two  tanoe  woutd,  in  TariooB  degrees,  diiagiee  with  each  other; 
and  thm  eyery  such  cycle,  of  Meen  and  sixteen  TibrationB,  might  be 
heaid  as  a  lepante  beat  of  loond.  Now,  Sanrenr  widied  to  take  m 
eaae  in  which  these  beats  were  so  slow  as  to  be  coonted,*  and  in  whioh 
the  ratio  of  the  yibrations  of  the  notes  was  known  from  a  knowle^ 
€i  their  mnaical  relations.  Thus  if  the  two  notes  form  an  interval  of 
m  semitone,  their  ratio  will  be  that  above  supposed,  fifteen  to  sixteen ; 
and  if  the  beats  be  fonnd  to  be  six  in  a  second,  we  know  thati  in  that 
time^  the  graver  note  makes  ninety  and  the  acuter  mnetyHnxvibm- 
tions.  In  this  manner  Saavenr  found  that  an  open  oigan-pipe,  five 
feet  long,  gave  one  hundred  vibrations  in  a  second. 

Sanveui's  otiier  method  is  more  recondite,  and  i^proaches  to  a 
mechanical  view  of  the  question.*  He  proceeded  on  this  basis ;  a 
string,  horiiontally  stretched,  cannot  be  drawn  into  a  mathematical 
straight  line,  but  always  hangs  in  a  very  flat  curve,  ox  festoon.  Hence 
Sanveor  assumed  that  its  transverse  vibrations  may  be  conceived  to  be 
identical  with  the  lateral  swingings  of  such  a  festoon.  Observing  that 
the  string  C,  in  the  middle  of  a  harpsichord,  bangs  in  such  a  festoon 
to  the  amount  of  1-S2drd  of  an  inch,  he  calculates,  by  the  laws  of 
pendnlums,  the  time  of  oscillation,  and  finds  it  l-122nd  of  a  second. 
Thus  this  C,  his  Jixed  note^  makes  one  hundred  and  twenty-two  vibra* 
tions  in  a  second.  It  is  curious  that  this  process,  seemingly  so  arbi- 
trary, is  ci^>able  of  being  justified  on  mechanical  principles ;  though 
we  can  hardly  give  the  author  credit  for  the  views  whioh  this 
jostification  implies.  It  is,  therefore,  easy  to  understand  that  it 
agreed  with  other  experiments,  in  the  laws  which  it  gave  for  the 
dependence  of  the  tone  on  the  length  and  tension. 

The  problem  of  satiafiKstorily  eiq>laining  this  dependence,  on  meduu 
nioal  principles,  naturally  pressed  i^>on  the  attention  of  mathemati- 
cians when  the  law  of  the  phenomena  was  thus  completely  detennined 
by  Mersenne  and  Sanveur.  It  was  desirable  to  show  that  both  the 
oircnmstances  and  the  measure  of  the  phenomena  were  such  as  known 
mechanical  causes  and  laws  would  explain.  But  this  proUcm,  as 
mi^t  be  expected,  was  not  attacked  till  mechanical  principles,  and 
the  modes  of  aj^lying  them,  had  become  tolerably  fiuniliar. 

As  the  vibrations  of  a  string  are  produced  by  its  tension,  it  i^peared 
to  be  necessary,  in  the  first  pkce,  to  determine  the  law  of  the  tension 
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which  it  ealled  loto  iotioii  by  tho  iiu>ti<»  of  the  striag ;  fi>r  it  is  mam* 
fest  that,  when  the  string  is  drawn  aside  from  the  atraight  line  into 
whieh  h  IB  str^ehed,  there  arises  an  additional  tension,  which  aids  in 
dimwii^  it  back  to  the  atnuight  line  as  soon  as  it  is  let  go.  Hooka 
(On  JSprinfff  IMS)  determined  the  law  of  this  additional  tensioi^ 
wUch  he  ezpnosed  in  hia  noted  formnla,  ^Ut  tensio  se  ns,^  the 
Fofee  is  as  the  Tensioa ;  or  rather,  to  ezpreas  his  meaning  moie 
cleailjt  the  Force  of  traision  is  as  the  £ztenaioDy  or,  in  a*  string,  as  the 
iiMxeaae  oi  length.  Bnt^  in  reality,  this  princij^  which  is  importaal 
in  many  aeoastkal  pioUems,  i%  in  the  one  now  before  na,  nnimport*' 
aiaft;  the  force  which  nrges  the  string  towards  the  straight  liiiay 
dqpends,  with  snch  small  extensions  as  we  have  now  to  oonaidif^ 
not  on  the  ext^iaion,  bat  on  the  corvatore ;  and  the  power  of 
treating  the  mathematical  difficulty  of  curvature,  and  its  mechanical 
consequences,  was  what  was  requisite  for  the  solution  of  this  pro- 
blem. 

The  problem,  in  its  proper  aspect,  was  first  attacked  and  mastered 
by  Brook  Taylor,  an  E^lish  mathematician  of  the  school  of  Newton, 
by  whom  the  solution  was  published  in  1715,  in  his  Methodus  Inere- 
metUarum.  Taylor^s  solution  was  indeed  imperfect,  for  it  only  pointed 
out  a  form  and  a  mode  of  vibration,  with  which  the  string  might  move 
iTonrifltiffltiy  with  the  Uws  of  mechanics ;  not  the  mode  in  which  ft 
mm$t  move,  supposing  ita  form  to  be  any  whatever.  It  showed  that 
the  curve  might  be  of  the  nature  of  that  which  is  called  ike  companum 
toiheeycUid  ;  and,  on  the  supposition  of  the  curve  of  the  string  being 
<tf  this  form,  the  calculation  confirmed  the  previously  established  lawi 
by  which  the  tone,  or  the  time  of  vibration,  had  been  discovered  tA 
dqpMid  cm  the  lei^;th,  tenaion,  aod  bulk  of  the  string.  The  mathe-. 
matical  incompleteness  of  Taylor's  reasoning  must  not  prevent  na  from 
lookii^  upon  hia  sdntion  of  the  problem  as  the  most  important  step 
in  the  progresa  of  thia  part  of  the  subject :  for:  the  difficolty  of  apply- 
ing mechanical  piineipleB  to  the  qnestion  being  once  overcome,  the 
eotaiaion  and  ecunection  of  the  application  was  sure  to  be  undertaho; 
by. soeceeding  mathematicians;  and,  accordingly,  this  soon  haj^penad. 
We.may  add,  moreover,  that  the  subsequent  and  more  general  aohK 
tiona  rsquire  to  be  conaid«red  with  reforenoe.  to  Taylor's,  in  arder  lo- 
ai^rebend  distinctly  their  import ;  and  further,  that  it  was  jJmost 
evident  to  a  mathematician,  even  before  the  general  solution  had  ap- 
peared, that  the  dependence  of  the  time  of  vibration  on  the  length 
and  tenaioa,  would  be  the  same  in  the  general  case  as  in  the  Taylo- 
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rian  curve ;  so  that,  for  the  ends  of  physical  philoeophy,  the  eolntior 
was  not  very  incomplete. 

John  BOTnonlli,  a  few  yean  afterwardsi*  adved  the  problem  of 
vibrating  chords  on  nearly  the  same  principles  and  suppositioiia  aa 
Taylor ;  bnt  a  little  later  (in  1*747),  the  next  generation  of  great  nuh 
thematiciansi  I^Alembert,  Eoler,  and  Daniel  Bemonlli,  applied  tibe 
increased  powers  of  analysis  to  give  generality  to  the  mode  of  trealnig 
this  question ;  and  especially  the  calculus  of  partial  differentials,  in- 
vented for  this  purpose.  But  at  this  epoch,  the  discussion,  so  for  as  it 
bore  on  physics,  belonged  rather  to  the  history  of  another  proUa% 
which  comes  under  our  notice  hereafter,  that  of  the  composition  df 
vibrations ;  we  shall,  therefore,  defer  the  further  history  of  the  pro- 
blem of  vibrating  strings,  till  we  have  to  connder  it  in  connexion  with 
new  experimental  foots. 


CHAPTER  m. 
PnoBLXM  or  THX  Propagation  or  Sotthd. 

rhave  seen  that  the  ancient  philosophers,  for  the  most  part,  held 
that  sound  was  transmitted,  as  well  as  produced,  by  scmie 
motion  of  the  air,  without  defining  what  kind  of  motion  this  was ; 
that  some  writers,  however,  applied  to  it  a  very  happy  similitude,  the 
expansive  motion  of  the  circular  waves  produced  by  throwing  a  stone 
into  still  water ;  but  that  notwithstanding,  some  rejected  this  mode 
of  conception,  as,  for  instance.  Bacon,  who  ascribed  the  transmission 
of  sound  to  certain  "•  spiritual  species." 

Though  it  was  an  obvious  thought  to  ascribe  the  motion  of  sound 
to  some  motion  of  air;  to  conceive  what  kind  of  motion  could  and 
did  produce  this  effect,  must  have  been  a  matter  of  grave  perplexity 
at  the  time  of  which  we  are  speaking ;  and  is  far  from  easy  to  most 
persons  even  now.  We  may  judge  of  the  difficulty  of  forming  this 
conception,  when  we  recollect  that  John  Bernoulli  the  younger* 
declared,  that  he  could  not  understand  Newton's  proposition  on  this 
subject  The  difficulty  consists  in  this ;  that  the  movement  of  the 
parts  of  air,  in  which  sound  consists,  travels  along,  but  that  the  parts 
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of  air  themselTes  do  not  so  traveL  Accordinglj  Otto  Qaericke,"  At 
inrentor  of  the  aiF-pomp,  asks,  '*  How  can  sonnd  be  conveyed  by  the 
motion  of  the  air  ?  when  we  find  that  it  is  better  conveyed  through 
air  that  is  still,  than  when  there  is  a  wind.''  We  may  observe,  how- 
ever, that  he  was  partly  misled  by  finding,  as  he  thought,  that  a  bell 
oonld  be  heard  in  the  vacnnm  of  his  air-pump ;  a  result  which  aroee, 
probably,  from  some  imperfection  in  his  apparatus. 

Attempts  were  made  to  determine,  by  experiment,  the  circum* 
stances  of  the  motion  of  sound ;  and  especially  its  velocity.  Gassendi' 
was  one  of  the  first  who  did  this.  He  employed  fire-arms  for  the 
purpose,  and  thus  found  the  velocity  to  be  1478  Paris  feet  in  a 
second.  Roberval  found  a  velocity  so  small  (560  feet)  that  it  threw 
uncertainty  upon  the  rest,  and  affected  Newton's  reasonings  subse- 
quently.* Cassini,  Huyghens,  Picard,  Romer,  found  a  velocity  of 
1172  Paris  feet,  which  is  more  accurate  than  the  former.  Gassendi 
had  been  surprised  to  find  that  the  velocity  with  which  sounds  travel, 
is  the  same  whether  they  are  loud  or  gentle. 

The  explanation  of  this  constant  velocity  of  sound,  and  of  its  amount, 
was  one  of  the  problems  of  which  a  solution  was  given  in  the  Great 
Charter  of  modem  science,  Newton's  Frineipia  (1687).  There,  for 
the  first  time,  were  explained  the  real  nature  of  the  motions  and  mutual 
action  of  the  parts  of  the  air  through  which  sound  is  transmitted.  It 
was  shown*  that  a  body  vibrating  in  an  elastic  medium,  will  propagate 
pulses  through  the  medium ;  that  is,  the  parts  of  the  medium  will  move 
forwards  and  backwards,  and  this  motion  will  affect  successively  those 
parts  which  are  at  a  greater  and  greater  distance  from  the  origin  of 
motion.  The  parts,  in  going  forwards,  produce  condensation;  in 
returning  to  their  first  places,  they  allow  extension ;  and  the  play  of 
the  elasticities  developed  by  these  expansions  and  contractions,  supplies 
the  forces  which  continue  to  propagate  the  motion. 

The  idea  of  such  a  motion  as  this,  is,  as  we  have  said,  fiu:  from  easy 
to  iq[>prehend  distinctly :  but  a  distinct  apprehension  of  it  is  a  step 
essential  to  the  physical  part  of  the  sciences  now  under  notice ;  for  it 
ia  by  means  of  such  pulses,  or  undulations^  that  not  only  sound,  but 
lights  and  probably  heat,  are  propagated.  We  constantly  meet  with 
evidence  of  the  di£Sculty  which  men  have  in  conceiving  this  undulatory 
motion,  and  in  separating  it  frt>m  a  local  motion  of  the  medium  as  a 
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mass.    For  instance,  it  is  not  casj  at  first  to  conceive  the  waters  of  m^v 
great  river  flowing  constantly  dottm  towards  the  sea,  while  wavea  tfd  ^^ 
rolling  up  the  very  same  part  of  the  stream ;  and  while  the  great  ele-  ^^ 
vation,  which  makes  the  tide,  is  travelling  from  the  sea  perhaps  wifli  ,^, 
a  velocity  of  fifty  miles  an  hour.    The  motion  of  such  a  wave,  or  ^m-  ^  ^ 
tion,  is  distinct  from  any  stream,  and  is  of  the  nature  of  ondulatioitt  in  ^^ 
general.    The  parts  of  the  fluid  stir  for  a  short  time  and  for  a  smdl  ; , 
distance,  so  as  to  accumulate  themselves  on  a  neighboring  part,  and  ^ 
then  retire  to  their  former  place ;  and  this  movement  affects  the  pftrta 
in  the  order  of  their  places.    Perhaps  if  the  reader  looks  at  a  field  of 
standing  com  when  gusts  of  wind  are  sweeping  over  it  in  visible  waret| 
he  will  have  his  conception  of  this  matter  aided ;  for  he  will  see  that 
here,  where  each  ear  of  grain  is  anchored  by  its  stalk,  there  can  be  no 
permanent  local  motion  of  the  substance,  but  only  a  successive  stooping 
and  rising  of  the  separate  straws,  producing  hollows  and  waves,  closer 
and  laxer  strips  of  the  crowded  ears. 

Newton  had,  moreover,  to  consider  the  mechanical  consequences 
which  such  condensations  and  rarefactions  of  the  elastic  medium,  air, 
would  produce  in  the  parts  of  the  fluid  itself.  Employing  known  laws 
of  the  elasticity  of  air,  he  showed,  in  a  very  remarkable  proposition^* 
the  law  according  to  which  the  particles  of  air  might  vibrate.  We 
may  observe,  that  in  this  solution,  as  in  that  of  the  vibrating  string 
already  mentioned,  a  rule  was  exhibited  according  to  which  the  parti- 
cles might  oscillate,  but  not  the  law  to  which  they  must  conform.  It 
was  proved  that,  by  taking  the  motion  of  each  particle  to  be  perfectly 
similar  to  that  of  a  pendulum,  the  forces,  developed  by  contraction  and 
expansion,  were  precisely  such  as  the  motion  required ;  but  it  was  not 
shown  that  no  other  type  of  oscillation  would  give  rise  to  the  same 
accordance  of  force  and  motion.  Newton's  reasoning  also  gave  a 
determination  of  the  speed  of  propagation  of  the  pulses :  it  appeared 
that  sound  ought  to  travel  with  the  velocity  which  a  body  would 
acquire  by  falling  freely  through  half  the  height  of  a  homogeneous 
atmosphere ;  "the  height  of  a  homogeneous  atmosphere"  being  the 
height  which  the  air  must  have,  in  order  to  produce,  at  the  earth's 
surface,  the  actual  atmospheric  pressure,  supposing  no  diminution  of 
density  to  take  place  in  ascending.  This  height  is  about  29,000  feet ; 
and  hence  it  followed  that  the  velocity  was  968  feet.  This  velocity  is 
*  really  considerably  less  than  that  of  sound ;  but  at  the  time  of  which 
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we  speak,  no  accurate  measure  had  been  established;  and  Newton 
pennaded  hnnselfy  by  experiments  made  in  the  cloister  of  Trinity  Col- 
l^re,  bis  residence,  that  his  calculation  was  not  &r  from  the  fiict 
When,  afterwards,  more  exact  experiments  showed  the  velocity  to  be 
1142  English  feet,  Newton  attempted  to  explain  the  difference  by 
vanoos  considerations,  none  of  which  were  adequate  to  the  purpose ; 
— as,  the  dimensions  of  the  solid  particles  of  which  the  fluid  air  con- 
sists ; — or  the  vapors  which  are  mixed  with  it  Other  writers  offered 
other  suggestions ;  but  the  true  solution  of  the  difficulty  was  reserved 
for  a  period  considerably  subsequent. 

Newton's  calculation  of  the  motion  of  sound,  though  logically  in- 
complete, was  the  great  step  in  the  solution  of  the  problem ;  for  ma- 
thematicians could  not  but  presume  tliat  his  result  was  not  restricted 
to  the  hypothesis  on  which  he  had  obtained  it ;  and  the  extension  of 
the  solution  required  only  mere  ordinary  talents.  The  logical  defect 
of  his  solution  was  assailed,  as  might  have  been  expected.  Cranmer 
(professor  at  Geneva),  in  1741,  conceived  that  he  was  destroying  the 
conclusiveness  of  Newton's  reasoning,  by  showing  that  it  applied 
equally  to  other  modes  of  oscillation.  Tliis,  indeed,  contradicted  the 
enunciation  of  the  48th  Prop,  of  the  Second  Book  of  the  Principia  ; 
but  it  confirmed  and  extended  all  the  general  results  of  the  demon- 
stration; for  it  left  even  the  velocity  of  sound  unaltered,  and  thus 
showed  that  the  velocity  did  not  depend  mechanically  on  the  type  of 
the  oscillation.  But  the  satisfactory  establishment  of  this  physical 
generalization  was  to  be  supplied  from  the  vast  generalizations  of  ana- 
lysia,  which  mathematicians  were  now  becoming  able  to  deal  with. 
Accordingly  this  task  was  performed  by  the  great  master  of  analytical 
generalization,  Lagrange,  in  1759,  when,  at  the  age  of  twenty-three, 
he  and  two  friends  published  the  first  volume  of  the  Turin  Memoirs, 
Euler,  as  his  manner  was,  at  once  perceived  the  merit  oT  the  new 
solution,  and  pursued  the  subject  on  the  views  thus  suggested.  Yarious 
analytical  improvements  and  extensions  were  introduced  into  the  soln 
tion  by  the  two  great  mathematicians ;  but  none  of  these  at  all  altered 
the  formula  by  which  the  velocity  of  sound  was  expressed ;  and  the 
discrepancy  between  calculation  and  observation,  about  one-sixth  of 
the  whole,  which  had  perplexed  Newton,  remained  still  unaccounted  for. 

The  merit  of  satis&ctorily  explaining  this  discrepancy  belongs  to 
Lq[>lace«    He  was  the  first  to  remark'  that  the  common  law  of  the 
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changefi  of  elasticity  in  the  air,  as  dependent  on  its  comprewion,  < 
be  applied  to  thoee  rapid  vibrations  in  which  soand  consists,  since  Ikr^" 
sadden  compression  produces  a  degree  of  heat  which  additionally  ift^*^ 
creases  the  elasticity.  The  ratio  of  this  increase  depended  on  fft^^ 
experiments  by  which  the  relation  of  heat  and  air  is  estaUidMtt^'^^ 
Laplace,  in  1816,  published*  the  theorem  on  which  the  correcfiott'^"? 
depends.  On  applying  it,  the  calculated  velocity  of  sound  agieed*^' 
very  closely  with  the  best  antecedent  experiments,  and  was  confiimai^^li 
by  more  exact  ones  instituted  for  that  purpose.  ^m 

This  step  completes  the  solution  of  the  problem  of  the  propagatioii  m 
of  sound,  as  a  mathematical  induction,  obtained  from,  and  verified  by,  «bi 
&cts.  Most  of  the  discussions  concerning  points  of  analysis  to  whidi  ii 
the  investigations  on  this  subject  gave  rise,  as,  for  instance,  the  admk-  it 
sibility  of  discontinuous  functions  into  the  solutions  of  partial  difier-  11 
ential  equations,  belong  to  the  history  of  pure  mathematics.  Those  & 
which  really  concern  the  physical  theory  of  sound  may  be  referred  to  i 
the  problem  of  the  motion  of  air  in  tabes,  to  which  we  shall  toon  1 
have  to  proceed ;  but  we  must  first  speak  of  another  form  which  the  i 
problem  of  vibrating  strings  assumed. 

It  deserves  to  be  noticed  that  the  ultimate  result  of  the  study  of  the 
undulations  of  fluids  seems  to  show  that  the  comparison  of  the  motion 
of  air  in  the  diflfosion  of  sound  with  the  motion  of  circular  waves 
firom  a  centre  in  water,  which  is  mentioned  at  the  beginning  of  this 
chapter,  though  pertinent  in  a  certain  way,  is  not  exact  It  appean 
by  Mr.  Scott's  recent  investigations  concerning  waves,*  that  the  circu- 
lar waves  are  oscillating  waves  of  the  Second  order,  and  are  gregarious. 
The  sound-wave  seems  rather  to  resemble  the  great  solitary  Wave  of 
Translation  of  the  First  order,  of  which  we  have  already  spoken  in 
Book  vi.  chapter  vi. 


CHAPTER  IV. 

Problbm  of  different  Sounds  of  the  same  String. 

TT  had  been  observed  at  an  early  period  of  acoustical  knowledge, 
•*-  that  one  string  might  give  several  sounds.    Mcrsenne  and  others 


•  Ann.  PhyK  et  Chim.  t  ill  p.  888.      •  Brit  Ass.  ReporUfar  1844,  p  861. 
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had  noticed'  that  when  a  string  yibrates,  one  which  is  in  unison  with 
it  vibrates  without  being  touched.  He  was  also  aware  that  this  was 
true  if  the  second  string  was  an  octave  or  a  twelfth  below  the  first 
This  was  observed  as  a  new  fact  in  England  in  1674,  and  communi- 
cated to  the  Royal  Society  by  Wallis.'  But  the  kter  observers  as- 
certained further,  that  the  longer  string  divides  itself  into  two,  or  into 
three  equal  parts,  separated  by  nodesy  or  points  of  rest;  this  they 
proved  by  hanging  bits  of  paper  on  different  parts  of  the  string.  The 
discovery  so  modified  was  again  made  by  Sauveur*  about  1700.  The 
sounds  thus  produced  in  one  string  by  the  vibration  of  another,  have 
been  termed  Sympathetic  Sounds,  Similar  sounds  are  often  pro- 
duced by  performers  on  stringed  instruments,  by  touching  the  string 
at  (me  of  its  aliquot  divisions,  and  are  then  called  the  Acute  ffarmo- 
met.  Such  fiicts  were  not  difficult  to  explain  on  Tay Ws  view  of  the 
mechanical  condition  of  the  string ;  but  the  difficulty  was  increased 
when  it  was  noticed  that  a  sounding  body  could  produce  these  differ- 
ent notes  (U  the  same  time,  Mcrsenne  had  remarked  this,  and  the  &ct 
was  more  distinctly  observed  and  pursued  by'Sauveur.  The  notes 
thus  produced  in  addition  to  the  genuine  note  of  the  string,  have  been 
ealled  Secondary  Notes ;  those  usually  heard  are,  the  Octave,  the 
Twelfth,  and  the  Seventeenth  above  the  note  itselfl  To  supply  a  mode 
of  conceiving  distinctly,  and  explaining  mechanically,  vibrations  which 
should  allow  of  such  an  effect,  was  therefore  a  requisite  step  in 
acoustics. 

This  task  was  performed  by  Daniel  Bernoulli  in  a  memoir  pub- 
lished in  1766.*  He  there  stated  and  proved  the  Principle  of  the  co- 
existence of  small  vibrations.  It  was  already  established,  that  a  string 
might  vibrato  either  in  a  single  swelling  (if  we  use  this  word  to  ex- 
press the  curve  between  two  nodes  which  Bernoulli  calls  a  ventre\  or 
in  two  or  three  or  any  number  of  equal  swellings  with  immoveable 
nodes  between.  Daniel  Bernoulli  showed  farther,  that  these  nodes 
might  be  combined,  each  taking  place  as  if  it  were  the  only  one. 
This  appears  sufficient  to  explain  the  coexistence  of  the  harmonic 
sounds  just  noticed.  D'Alembert,  indeed,  in  the  article  Fundamental 
in  the  French  Encyclopedic^  and  Lagrange  in  his  Dissertation  on 
Sound  in  the  Turin  Memoirs^*  offer  several  objections  to  this  explana- 
tion ;  and  it  cannot  be  denied  that  the  subject  has  its  difficulties ;  but 


»  Harm,  Ub.  iv.  Prop.  28  (1686).      •  Ph.  Tr.  1677,  April.      •  JL  P,  1701. 
«  Berlin  Mem.  1768,  pi  147.  *  T.  i  ppi  64, 108. 
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8till  these  do  not  dopriye  Bernoulli  of  the  merit  of  having  poi]itaoai< 
oat  the  principle  of  CoexiBtent  Vibrations,  or  direst  that  principle  id:m 
its  value  in  physical  science.  fi 

Daniel  Bernoulli's  Memoir,  of  which  wo  speak,  was  published  at  m^j 
period  when  the  clouds  which  involve  the  general  analytical  troatmaitrj: 
of  the  problem  of  vibrating  strings,  were  thickening  about  Baler  ladip 
D' Alembert,  and  darkening  into  a  controversial  hue ;  and  as  BemonBi :«. 
ventured  to  interpose  his  view,  as  a  solution  of  these  difficulties,  whkl^  «| 
in  a  mathematical  sense,  it  is  not,  we  can  hardly  be  surprised  that  he  \ 
met  with  a  rebuff.  The  further  prosecution  of  the  different  modea  c£  ^ 
vibration  of  the  same  body  need  not  be  here  considered.  ^ 

The  sounds  which  are  called  Chave  Harmonics^  have  no  analogy  |, 
with  the  Acute  Harmonics  above-mentioned ;  nor  do  they  belong  to 
this  section ;  for  in  the  case  of  Grave  Harmonics,  we  have  one  sound  , 
from  the  co-operation  of  two  strings,  instead  of  several  sounds  horn  , 
one  string.  These  harmonics  are,  in  fiict^  connected  with  beats^  c£ 
which  we  have  ahready  spoken ;  the  beats  becoming  so  close  as  to  pro- 
duoe  a  note  of  definite  musical  quality.  The  discovery  of  the  Grave 
Harmonics  is  usually  ascribed  to  Tartini,  who  mentions  them  in  1764 ; 
but  they  are  first  noticed*  in  the  work  of  Sorge  On  tuning  Organt^ 
1744.  He  there  expresses  this  discovery  in  a  query.  "Whence 
comes  it,  that  if  we  tune  a  fifth  (2  : 3),  a  third  sound  is  £Euntly  heard, 
the  octave  below  the  lower  of  the  two  notes  ?  Nature  shows  that 
with  2  :  3,  she  still  requires  the  unity,  to  perfect  the  order  1,  2,  S.*^ 
The  truth  is,  that  these  numbers  express  Uie  frequency  of  the  vibra- 
tions, and  thus  there  will  be  coincidences  of  the  notes  2  and  3,  which 
are  of  the  frequency  1,  and  consequently  give  the  octave  below  the 
sound  2.  This  is  the  explanation  given  by  Lagrange,'  and  is  indeed 
obvioos. 


CHAPTER  V. 
Froblsm  of  the  Sounds  of  Pipes. 

IT  was  taken  for  granted  by  those  who  reasoned  on  sounds,  that  the 
sounds  of  flutes,  organ-pipes,  and  wind-instruments  in  general,  con- 


*  ChUdm.  Ac<mtL  p.  854.  '  Mmn,  Tur.  i  p.  104 
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sistod  in  yibrations  of  some  kind ;  but  to  determine  the  nature  and  laws 
of  these  Yibrations^  and  to  reconcile  them  with  mechanical  principles, 
was  tax  fix>m  easy.  The  leading  &cts  which  had  been  noticed  were, 
that  the  note  of  a  pipe  was  proportional  to  its  length,  and  that  a  Ante 
and  similar  instruments  might  be  made  to  produce  some  of  the  acute 
hamuMiics,  as  well  as  the  genuine  note.  It  had  further  been  noticed,' 
that  pipes  closed  at  the  end,  instead  of  giving  the  series  of  harmonics  i, 
h  h  h  ^^-y  would  give  only  those  notes  which  answer  to  the  odd 
numbers  i,  |,  |,  <&c  In  this  problem  also,  Newton'  made  the  first 
step  to  the  solution.  At  the  end  of  the  propositions  respecting  the 
velocity  of  sound,  of  which  we  have  spoken,  he  noticed  that  it  appeared 
by  taking  Mersenne's  or  Sauveur's  determination  of  the  number  of 
vibrations  corresponding  to  a  given  note,  that  the  pulse  of  air  runs 
over  twice  the  length  of  the  pipe  in  the  time  of  each  vibration.  He 
does  not  follow  out  this  observation,  but  it  obviously  points  to  the 
theory,  that  the  sound  of  a  pipe  consists  of  pulses  which  travel  back 
and  forwards  along  its  length,  and  are  kept  in  motion  by  the  breath  of 
the  player.  This  supposition  would  account  for  the  observed  depend- 
ence of  the  note  on  the  length  of  the  pipe.  The  subject  does  not 
appear  to  have  been  again  taken  up  in  a  theoretical  way  till  about 
1760;  when  Lagrange  in  the  second  volume  of  the  Turin  Memoirs^ 
and  D.  Bernoulli  in  the  Memoirs  of  the  French  Academy  for  1762, 
pnblished  important  essays,  in  which  some  of  the  leading  &cts  were 
satis&ctorily  explained,  and  which  may  therefore  be  considered  as  the 
principal  solutions  of  the  problem. 

In  these  solutions  there  was  necessarily  something  hypothetical.  In 
the  case  of  vibrating  strings,  as  we  have  seen,  the  Form  of  the  vibrating 
curve  was  guessed  at  only,  but  the  existence  and  position  of  the  Nodes 
could  be  rendered  visible  to  the  eye.  In  the  vibrations  of  air,  we  can- 
not see  either  the  places  of  nodes,  or  the  mode  of  vibration ;  but  several 
of  the  results  are  independent  of  these  circumstances.  Thus  both  of 
the  solutions  explain  the  fact,  that  a  tube  closed  at  one  end  is  in  unison 
with  an  open  tube  of  double  the  length ;  and,  by  supposing  nodes  to 
occur,  they  account  for  the  existence  of  the  odd  series  of  harmonics 
alone,  i,  3,  5,  in  closed  tubes,  while  the  whole  series,  i,  2,  3,  4,  5,  &c., 
occurs  in  open  ones.  Both  views  of  the  nature  of  the  vibration  appear 
to  be  nearly  the  same ;  though  Lagrange's  is  expressed  with  an  analy- 
tical generality  which  renders  it  obscure,  and  Bernoulli  has  perhaps 


D.  BemonUi,  Berlin,  Menu  1758,  p.  15a         '  Frineip.  SchoL  Prop.  50. 
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laid  down  an  hypothesis  more  special  than  was  necessary.    Lagrai^^« 
considers  the  yibration  of  open  Antes  as  ^  the  oscillations  of  a  fibre  cfr^ 
air,"  nnder  the  condition  that  its  elasticity  at  the  two  ends  is,  diiiiq[»t\; 
the  whole  oscillation,  the  same  as  that  of  the  sorronnding  atmoflpiunk-^) 
Bemonlli  supposes*  the  whole  inertia  of  the  air  in  the  flute  to  be  edU  j., 
lected  into  one  particle,  and  this  to  be  moved  by  the  whole  ehurtieifcf  ^ 
arising  from  this  displacement    It  may  be  observed  that  both  theie 
modes  of  treating  the  matter  come  very  near  to  what  we  have  stated 
as  Newton's  theory ;  for  though  Bernoulli  supposes  all  the  air  in  the 
flute  to  be  moved  at  once,  and  not  successively,  as  by  Newton's  pulae^ 
in  either  case  the  whole  elasticity  moves  the  whole  air  in  the  tube,  and 
requires  more  time  to  do  this  according  to  its  quantity.    Since  that 
time,  the  subject  has  received  further  mathematical  developement  from    ' 
Euler,*  Lambert,*  and  Poisson  \'  but  no  new  explanation  of  flicts  haa 
arisen.    Attempts  have  however  been  made  to  ascertain  experimental^ 
the  places  of  the  nodes.    Bernoulli  himself  had  shown  that  this  place 
was  affected  by  the  amount  of  the  opening,  and  Lambert*  had  examined 
other  cases  with  the  same  view,    Savart  traced  the  node  in  Tarioni 
musical  pipes  under  different  conditions ;  and  very  recently  Mr.  Hop!- 
kins,  of  Cambridge,  has  pursued  the  same  experimental  inquiry/    It 
appears  from  these  researches,  that  the  early  assumptions  of  mathema- 
ticians with  regard  to  the  position  of  the  nodes,  are  not  exactly  verified 
by  the  facts.    When  the  air  in  a  pipe  is  made  to  vibrate  so  as  to  have 
several  nodes  which  divide  it  into  equal  parts,  it  had  been  supposed  by 
acoustical  writers  that  the  part  adjacent  to  the  open  end  was  half  of 
the  other  parts ;  the  outermost  node,  however,  is  found  experimentally 
to  be  displaced  from  the  position  thus  assigned  to  it^  by  a  quantity 
depending  on  several  collateral  circumstances. 

Since  our  purpose  was  to  consider  this  problem  only  so  &r  as  it  haa 
tended  towards  its  mathematical  solution,  we  have  avoided  saying 
anything  of  the  dependence  of  the  mode  of  vibration  on  the  cause  by 
which  the  sound  is  produced;  and  consequently,  the  researches  on 
the  effects  of  reeds,  embouchures,  and  the  like,  by  Chladni,  Savart, 
Willis,  and  others,  do  not  belong  to  our  subject  It  is  easily  seen 
that  the  complex  effect  of  the  elasticity  and  other  properties  of  the 
reed  and  of  the  air  together,  is  a  problem  of  which  we  can  hardly 


*  Mhn.  Turin,  voL  a  p.  154.  «  Mim.  Berlin,  1768,  p.  446. 
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hcpe  to  give  a  complete  solntion  till  oar  knowledge  has  advanced 
much  heyond  its  present  condition. 

Indeed,  in  the  science  of  Aconstics  there  is  a  vast  body  of  &ct8  to 
which  we  might  apply  what  has  just  been  said ;  but  for  the  sake  of 
pointing  ont  some  of  them,  wo  shall  consider  them  as  the  sabjecto  of 
one  extensive  and  yet  unsolved  problem. 


CHAPTER  VL 

Pboblsm  of  Different  Modes  of  Yibbatioit  of 
Bodies  in  general. 

NOT  only  the  objects  of  which  we  have  spoken  hitherto,  strings  and 
pipeS)  but  almost  all  bodies  are  capable  of  vibration.  Bells,  gongs, 
tonii^-forkB,  are  examples  of  solid  bodies ;  drams  and  tambonrines,  of 
membnnes ;  if  we  ran  a  wet  finger  along  the  edge  of  a  glass  goblet, 
we  tiiFow  the  fioid  which  it  contains  into  a  regular  vibration ;  and  the 
▼arions  character  which  sounds  possess  according  to  the  room  in  which 
tliey  are  uttered,  shows  that  large  masses  of  air  have  peculiar  modes 
<tf  vibration.  Vibrations  are  generally  accompanied  by  sound,  and 
they  may,  therefore,  be  considered  as  acoustical  phenomena,  especially 
as  the  sound  is  one  of  the  most  decisive  fiicts  in  indicating  the  mode 
<^  vibration.  Moreover,  every  body  of  this  kind  can  vibrate  in  many 
different  ways,  the  vibrating  s^ments  being  divided  by  Nodal  Lines 
and  Surfaces  of  various  form  and  number.  The  mode  of  vibration, 
selected  by  the  body  in  each  case,  is  determined  by  the  way  in  which 
it  is  held,  the  way  in  which  it  is  set  in  vibration,  and  the  like  circum- 
stancea. 

Tlie  general  problem  of  such  vibrations  includes  the  discovery  and 
dassification  of  the  phenomena ;  the  detection  of  their  formal  laws ; 
and,  finally,  the  expUmation  of  these  on  mechanical  principles.  We 
must  speak  very  briefly  of  what  has  been  clone  in  these  ways.  The 
fiu^  which  indicate  Nodal  Lines  had  been  remarked  by  Galileo, 
on  the  sounding  board  of  a  musical  instrument;  and  Hooke  had 
proposed  to  observe  the  vibrations  of  a  bell  by  strewing  floor  upon 
it  But  it  was  Chladni,  a  German  philosopher,  who  enriched  acous- 
tics with  the  discovery  of  the  vast  variety  of  symmetrical  figures  of 
Nodal  Lines,  which  are  exhibited  on  plates  of  regular  forms,  when 
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made  to  sound.    His  first  in^estigationB  on  this  subject,  JSntdeclnm^:^{ 
gen  Hber  die  Tlieorie  des  Klangs^  were  published  1787 ;  and  in  180Sjizi 
and  1817  he  added  other  discoveries.    In  these  works  he  not  onlfiak 
related  a  vast  number  of  new  and  curious  facts,  but  in  some  meaimt  w 
reduced  some  of  them  to  order  and  law.    For  instance,  he  ha*;^ 
traced  all  the  vibrations  of  square  plates  to   a  resemblance  widi  <  .^ 
those  forms  of  vibration  in  which  Nodal  Lines  are  parallel  to  one  ;^ 
side  of  the  square,  and  those  in  which  they  arc  parallel  to  another  ^ 
»ide ;  and  he  has  established  a   notation  for  the  modes  of  vibn^  .. . 
tion  founded  on  this  classification.    Thus,  5-2  denotes  a  form  in  r^ 
which  there  are  five  nodal  lines  parallel  to  one  side,   and  two  to  . 
another ;  or  a  form  which  can  be  traced  to  a  disfigurement  of  such  a  ^ 
standard  type.    Savart  pursued  this  subject  still  further ;  and  traced,  . 
by  actual  observation,  the  forms  of  the  Nodal  Sur&ces  which  divide 
solid  bodies,  and  masses  of  air,  when  in  a  state  of  vibration. 

The  dependence  of  such  vibrations  upon  their  physical  caoBe, 
namely,  the  elasticity  of  the  substance,  we  can  conceive  in  a  geneiftl 
way ;  but  the  mathematical  theory  of  such  cases  is,  as  might  be 
supposed,  very  difiicult,  even  if  we  confine  ourselves  to  the  obviona 
question  of  the  mechanical  possibility  of  these  di£ferent  modes  of 
vibration,  and  leave  out  of  consideration  their  dependence  upon  the 
mode  of  excitation.  The  transverse  vibrations  of  elastic  rods,  plates, 
and  rings,  had  been  considered  by  Euler  in  1779 ;  but  his  calculation 
concerning  plates  had  foretold  only  a  small  part  of  the  curious  pheno- 
mena observed  by  Ghladni  ;*  and  the  several  notes  which,  according 
to  his  calculation,  the  same  ring  ought  to  give,  were  not  in  agreement 
with  experiment'  Indeed,  I'esearches  of  this  kind,  as  conducted  by 
Euler,  and  other  authors,*  rather  were,  and  were  intended  for,  exam- 
ples of  analytical  skill,  than  explanations  of  physical  facts.  James 
Bernoulli,  after  the  publication  of  Chladni's  experiments  in  1787, 
attempted  to  solve  the  problem  for  plates,  by  treating  a  plate  as 
a  collection  of  fibres ;  but,  as  Ghladni  observes,  the  justice  of  this 
mode  of  conception  is  disproved,  by  the  disagreement  of  its  results 
with  experiment 

The  Institute  of  France,  which  had  approved  of  Chladni's  labours, 
proposed,  in  1809,  the  problem  now  before  us  as  a  prize-question:* — 
**  To  give  the  mathematical  theory  of  the  vibrations  of  elastic  su: 


*  Fischer,  vL  687.  *  lb.  vi  596. 

'  See  Ghladni,  p.  474.  *  See  Ghladni,  p.  857. 
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&ceB|  and  to  compare  h  with  experiment.'^  Only  one  memoir  was 
aent  in  as  a  candidate  for  the  prize ;  and  this  was  not  crowned,  though 
h<morable  mention  was  made  of  it*  The  formolsa  of  James  Ber^ 
nonlli  were,  according  to  M.  Poiason's  statement,  defective,  in  conse- 
quence of  his  not  taking  into  account  the  normal  force  which  acts  at 
the  exterior  boundary  of  the  plate.*  The  author  of  the  anonymous 
memoir  corrected  this  error,  and  calculated  the  note  corresponding  to 
various  figures  of  the  nodal  lines ;  and  he  found  an  agreement  with 
experiment  sufficient  to  justify  his  theory.  He  had  not,  however, 
proved  his  fundamental  equation,  which  M.  Poisson  demonstrated  in 
a  Memoir,  read  in  1814.^  At  a  more  recent  period  also,  MM. 
Poisson  and  Cauchy  (as  well  as  a  lady.  Mile.  Sophie  Germain)  have 
applied  to  this  problem  the  artifices  of  the  most  improved  analysis. 
M.  Poisson*  determined  the  relation  of  the  notes  given  by  the  longi- 
tudinal and  the  transverse  vibrations  of  a  rod ;  and  solved  the  problem 
of  vibrating  circular  plates  when  the  nodal  lines  are  concentric  circles. 
In  both  these  cases,  the  numerical  agreement  of  his  results  with  expe- 
rience, seemed  to  confirm  the  justice  of  his  fundamental  views.*  He 
proceeds  upon  the  hypothesis,  that  elastic  bodies  are  composed  of 
separate  particles  held  together  by  the  attractive  forces  which  they 
exert  upon  each  other,  and  distended  by  the  repulsive  force  of  heat 
M.  Cauchy'*  has  also  calculated  the  transverse,  longitudinal,  and 
rotatory  vibrations  of  elastic  rods,  and  has  obtained  results  agreeing 
closely  with  experiment  through  a  considerable  list  of  comparisons. 
The  combined  authority  of  two  profound  analysts,  as  MM.  Poisson 
and  Cauchy  are,  leads  us  to  believe  that,  for  the  simpler  cases  of  the 
vibrations  of  elastic  bodies.  Mathematics  has  executed  her  task ;  but 
most  of  the  more  complex  cases  remain  as  yet  unsubdued. 

The  two  brothers,  Ernest  and  William  Weber,  made  many  curious 
observations  on  undulations,  which  are  contained  in  their  Wellenlehref 
(Doctrine  of  Waves,)  published  at  Leipsig  in  1825.  They  were  led 
to  suppose,  (as  Young  had  suggested  at  an  earlier  period,)  that 
Qiladni's  figures  of  nodal  lines  in  plates  were  to  be  accounted  for  by 
the  superposition  of  undulations."  Mr.  Wheatstone^*  has  undertaken 
to  account  for  Chladni's  figures  of  vibratmg  square  plates  by  this 


»  Poiaaon'B  Menu  in  Ac,  8c.  1812,  p.  169.      *  lb.  p.  220. 

^  lb.  1812,  p.  2.  ■  lb.  t  viil  1829. 

*  Jin.  09Um.  torn,  zzzvi  1827,  p.  9a    ^  ExerciecM  da  MatMmatiquef  m,  ana  ly. 

"  WdUfdehff,  p.  474.  »  PhU.  Tram.  18M,  p.  698. 
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Buperpotition  of  two  or  more  simple  and  obviously  allowable  i 
of  nodal  division,  which  have  the  same  time  of  vibration.  He  asramei^  ;si 
for  this  purpose,  certain  '^  primaiy  figures,"  containing  only  paraiU  ,, 
nodal  lines ;  and  by  combining  these,  first  in  twos,  and  then  in  tom,  ^ 
he  obtains  most  of  Chladni's  observed  figures,  and  accounts  for  their  ., 
transitions  and  deviations  from  regularity. 

The  principle  of  the  superposition  of  vibrations  is  so  solidly  eitar 
blished  as  a  mechanical  truth,  that  we  may  consider  an  acooaticai 
problem  as  satisfactorily  disposed  o^  when  it  is  reduced  to  that  prjifc-  ^ 
ciple,  as  well  as  when  it  is  solved  by  analytical  mechanics :  but  at  the 
same  time  we  may  recollect,  that  the  right  application  and  limitation 
of  this  law  involves  no  small  difficulty ;  and  in  this  case,  as  in  all 
advances  in  physical  science,  we  cannot  but  wish  to  have  the  new 
ground  which  has  been  gained,  gone  over  by  some  other  person  in 
some  other  manner ;  and  thus  secured  to  us  as  a  permanent  pooioa 
sion. 

Savarfs  Laws. — ^In  what  has  preceded,  the  vibrations  of  bodiaa 
have  been  referred  to  certain  general  classes,  the  separation  of  which 
was  suggested  by  observation;  for  example,  the  transvertey  Umgir 
tudinalj  and  roiatcry^^*  vibrations  of  rods.  The  transverse  vibrationa, 
in  which  the  rod  goes  backwards  and  forwards  across  the  line  of  its 
length,  were  the  only  ones  noticed  by  the  earlier  acousticians :  the 
others  were  principally  brought  into  notice  by  Chladni.  As  we  have 
already  seen  in  the  preceding  pages,  this  classification  serves  to  express 
important  laws ;  as,  for  instance,  a  law  obtained  by  M.  Poisson  which 
gives  the  relation  of  the  notes  produced  by  the  transverse  and  longi- 
tudinal vibrations  of  a  rod.  But  this  distinction  was  employed  by  M. 
Felix  Savart  to  express  laws  of  a  more  general  kind ;  and  then,  as 
often  happens  in  the  progress  of  science,  by  pursuing  these  laws  to  a 
higher  point  of  generality,  the  distinction  again  seemed  to  vanish.  A 
very  few  words  will  explain  these  steps. 

It  was  long  ago  jmown  that  vibrations  may  be  communicated  by 
contact  The  distinction  of  transverse  and  longitudinal  vibrations 
being  established,  Savart  found  that  if  one  rod  touched  another  perpeur 
dicularly,  the  longitudioal  vibrations  of  the  first  occasion  transverse 
vibrations  in  the  second,  and  vice  versd.  This  is  the  more  remarkable, 
since  the  two  sets  of  vibrations  are  not  equal  in  rapidity,  and  therefore 
cannot  sympathize  in  any  obvious  manner.**     Savart  found  himself 


^  VibratioiiB  toamantes.  ^  An,  Ckim,  1819,  torn.  ziv.  p.  188. 
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able  to  genendifle  this  pfopoeitionf  and  to  assert  that  in  any  oombina- 
tion  of  rods,  strings,  and  laminsQ,  at  right  angles  to  each  other,  the 
loi^itadinal  and  transverse  Tibrations  affect  respectiyely  the  rods  in 
ihei  <Hie  and  other  direction,^*  so  that  when  the  horizontal  rods,  for 
eiample^  vibrate  in  the  one  way,  the  vertical  rods  vibrate  in  the 
other. 

TliiB  law  was  thns  expressed  in  terms  of  that  classification  of  vibrio 
tions  of  which  we  have  spoken.  Yet  we  easily  see  that  we  may 
express  it  in  a  more  general  manner,  withoat  referring  to  that  classifi- 
cation, by  saying,  that  vibrations  are  communicated  so  as  always  to  be 
parallel  to  theur  original  direction.  And  by  following  it  out  in  this 
shape  by  means  of  experiment,  M.  Savart  was  led,  a  short  time  after- 
wards, to  deny  that  there  is  any  essential  distinction  in  these  different 
kinds  of  vibration.  "We  are  thus  led,"  he  says"  in  1822,  " to  con- 
sider normal  [transverse]  vibrations  as  only  one  circumstance  in  a 
more  general  motion  common  to  all  bodies,  analogous  to  tangential 
[longitudinal  and  rotatory]  vibrations ;  that  is,  as  produced  by  small 
molecular  09cillatiim8^  and  differently  modified  according  to  the  direc- 
tion which  it  affects,  relatively  to  the  dimensions  of  the  vibrating 
body." 

These  "inductions,''  as  he  properly  calls  them,  are  supported  by  a 
great  mass  of  ingenious  experiments ;  and  may  be  considered  as  well 
established,  when  they  are  limited  to  molecular  oscillations,  emplojdng 
this  phrase  in  the  sense  in  which  it  is  understood  in  the  above  state- 
ment ;  and  also  when  they  are  confined  to  bodies  in  which  the  piaj 
of  elasticity  is  not  interrupted  by  parts  more  rigid  than  the  rest,  as 
the  sound-post  of  a  violin.'^  And  before  I  quit  the  subject,  I  may 
notice  a  consequence  which  M.  Savart  has  deduced  from  his  views,  and 
which,  at  first  sight,  appears  to  overturn  most  of  the  earlier  doctrines 
respecting  vibrating  bodies.  It  was  fonnerly  held  that  tense  strings 
and  elastic  rods  could  vibrate  only  in  a  determinate  series  of  modes  of 
division,  with  no  inteimediate  steps.  But  M.  Savart  maintains,**  on 
tite  contrary,  that  they  produce  sounds  which  are  gradually  trans- 
formed into  one  another,  by  indefinite  intermediate  degrees.  The 
reader  may  naturally  ask,  what  is  the  solution  of  this  apparent  con- 


"  An.  Ohim.  p.  162.  "  lb.  t  xxv.  p.  88. 

**  For  the  suggestion  of  the  neeeflrity  of  this  limitation  I  am  indebted  to  Mr. 

walk 

*  An,  Ohim.  ISM,  t  sodi  pi  sai. 
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tradiction  between  the  earliest  and  the  latest  discoveries  in  aconsCksf  ^^ 
And  the  answer  mnst  be,  that  these  intermediate  modes  of  vibratioi  * 
are  complex  in  their  natore,  and  difficult  to  produce ;  and  thai  ihoae  - 
which  were  formerly  believed  to  be  the  only  possible  vibrating  coo  '-- 
ditionsy  are  so  eminent  above  all  the  rest  by  their  featares,  their  rim  ' 
plicity,  and  their  facility,  that  we  may  still,  for  common  parposet|  cob-  a 
sider  them  as  a  class  apart;  although  for  the  sake  of  reaching  a  t 
general  theorem,  we  may  associate  them  with  the  general  mass  of  cases  i 
of  molecular  vibrations.  And  thus  we  have  no  exception  here,  as  we  \ 
can  have  none  in  any  case,  to  our  maxim,  that  what  formed  part  of  ! 
the  early  discoveries  of  science,  forms  part  of  its  latest  systems. 

Wo  have  thus  surveyed  the  progress  of  the  science  of  sound  np  to 
recent  times,  with  respect  both  to  the  discovery  of  laws  of  phenomena, 
and  the  reduction  of  these  to  their  mechanical  causes.  The  former 
branch  of  the  science  has  necessarily  been  inductively  pursued ;  and 
therefore  has  been  more  peculiarly  the  subject  of  our  attention*  And 
this  consideration  will  explain  why  we  have  not  dwelt  more  upon 
the  deductive  labors  of  the  great  analysts  who  have  treated  of  tiiis 
problem. 

To  those  who  are  acquainted  with  the  high  and  deserved  fiune 
which  the  labors  of  IVAlembert,  Euler,  Lagrange,  and  otheis,  upon 
this  subject,  enjoy  among  mathematicians,  it  may  seem  as  if  we  had 
not  given  them  their  due  prominence  in  our  sketch.  But  it  is  to  be 
recollected  here,  as  we  have  already  observed  in  the  case  of  hydro- 
dynamics, that  even  when  the  general  principles  are  uncontested,  mere 
mathematical  deductions  from  them  do  not  belong  to  the  history  of 
physical  science,  except  when  they  point  out  laws  which  are  interme- 
diate between  the  general  principle  and  the  individual  facts,  and  ^hich 
observation  may  confirm. 

The  business  of  constructing  any  science  may  be  figured  as  the 
task  of  forming  a  road  on  which  our  reason  can  travel  through  a  cer- 
tain province  of  the  external  world.  We  have  to  throw  a  bridge 
which  may  lead  from  the  chambers  of  our  own  thoughts,  from  our 
speculative  principles,  to  the  distant  shore  of  material  fiicts.  But  in 
all  cases  the  abyss  is  too  wide  to  be  crossed,  except  we  can  find  some 
intermediate  points  on  whi^h  the  piers  of  our  structure  may  rest 
Mere  facts,  without  connexion  or  law,  are  only  the  rude  stones  hewn 
from  the  opposite  bank,  of  which  our  arches  may,  at  some  time,  be 
built  But  mere  hypothetical  mathematical  calculations  are  only  plans 
of  projected  structures ;  and  those  plans  which  exhibit  only  one  vast 
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and  nngle  arch,  or  which  snppofle  no  support  bat  that  which  our  own 
position  supplies,  will  assuredly  never  become  realities.  We  must 
have  a  firm  basis  of  intermediate  generalizations  in  order  to  frame  a 
continuous  and  stable  edifice. 

In  the  subject  before  u%  we  have  no  want  of  such  points  of  inter- 
mediate support^  although  they  are  in  many  instances  irregularly 
distributed  and  obscurely  seen.  The  number  of  observed  laws  and 
relations  of  the  phenomena  of  sound,  is  ahready  very  great;  and 
though  the  time  may  be  distant,  there  seems  to  be  no  reason  to  despair 
<rf  one  day  uniting  them  by  clear  ideas  of  mechanical  causation,  and 
thus  of  making  acoustics  a  perfect  secondary  mechanical  science. 

The  historical  sketch  just  given  includes  only  such  parts  of  acoustics 
as  have  been  in  some  degree  reduced  to  general  laws  and  physical 
causes;  and  dius  excludes  much  that  is  usually  treated  of  under  that 
head.  Moreover,  many  of  the  numerical  calculations  connected  with 
sound  belong  to  its  agreeable  effect  upon  the  ear ;  as  the  properties  of 
the  various  systems  of  Temperament  These  are  parts  of  Theoretical 
Music,  not  of  Acoustics ;  of  the  Philosophy  of  the  Fine  Arts,  not  of 
Physical  Science ;  and  may  be  referred  to  in  a  future  portion  of  this 
work,  so  £u:  as  they  bear  upon  our  object 

The  science  of  Acoustics  may,  however,  properly  consider  other 
differences  of  sound  than  those  of  acute  and  grave, — for  instance,  the 
artieulaie  differences,  or  those  by  which  the  various  letters  are  formed. 
S<nne  progress  has  been  made  in  reducing  this  part  of  the  subject  to 
general  rules ;  for  though  Eempelen's  ^  talking  machine  "  was  only  a 
work  of  art,  Mr.  Willis's  machine,^*  which  exhibits  the  relation  among 
the  vowels,  gives  us  a  law  such  as  forms  a  step  in  science.  We  may, 
however,  consider  this  instrument  as  a  phthangometerj  or  measure  of 
vowel  quality ;  and  in  that  point  of  view  we  shall  have  to  refer  to  it 
again  when  we  come  to  speak  of  such  measures. 


te  the  Yowd  Sounds  andon  Beed  Organ-pipes.    Oamb.  2Va»it.  iil  2S7. 
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Formal  and  Phytieal  Optics. 

rpHE  hwtojj  of  the  scienQe  of  Optica,  written  at  leogth,  would  be 
X  Yerj  Yolominoua ;  bat  we  ahall  not  need  to  make  our  history  so ; 
since  our  main  object  is  to  illustrate  the  nature  of  science  and  the  ooo- 
ditiona  of  its  progress*  In  this  way  Optics  ia  peculiarly  instmctiTe ; 
the  more  so,  as  its  history  hJis  followed  :a  course  in  some  respects 
different  from  both  the  sciences  previously  reviewed*  Astronomy,  as 
we  have  seen,  advanced  with  a  steady  and  continttoas  movement  from 
one  generation  to  another,  from  the  earliest  time,  till  her  career  was 
crowned  by  the  great  unforeee^i  discovery  of  Newton ;  Acoustics  had 
her  extreme  generaliaation  in  view  frqm  the  first,  and  her  history 
consists  in  the  correct  application  of  it  to  suaeessivo  problems ;  Optics 
advanced  through  a  scale  of  generaliaytiops  as  xeraadcable  as  those 
of  Astronomy;  but  for  along  period  she  was  alnuNrtstslionary;  and, 
at  laat,  was  rapidly  impelled  through  9II  tbose  sCa^  by  ihe  energy  of 
two  or  three  discoverers  The  highest  point  of  generality  which 
Optics  has  reached  is  little  different  from  thatwiudi  Aconstics  occu- 
pied at  once;  bat  in  the  <4der  and  earlier  acianoe  we  still  want  ihat 
palpable  and  pointed  confirmation  of  the  general  pdnciple,  which  the 
undulatory  theory  receives  from  optical  phenomena.  Astronomy  has 
amassed  her  vast  fortune  by  long-continued  industry  and  labor ;  Optics 
has  obtained  hers  in  a  few  years  by  sagacious  and  happy  speculations ; 
Acoustics,  having  early  acquired  a  competence,  has  since  been  em- 
ployed rather  in  improving  and  adorning  than  in  extending  her 
estate. 

The  successive  inductions  by  which  Optics  made  her  advances, 
might,  of  course,  be  treated  in  the  same  manner  as  those  of  Astro- 
nomy, each  having  its  prelude  and  its  sequel.  But  most  of  the 
discoveries  in  Optics  are  of  a  smaller  character,  and  have  less  employ- 
ed the  minds  of  men,  than  those  of  Astronomy ;  and  it  will  not  be 
necessary  to  exhibit  them  in  this  detailed  manner,  till  we  come  to  the 
great  generalization  by  which  the  theory  was  established.  I  shall, 
therefore,  now  pass  rapidly  in  review  the  earlier  optical  discoveries, 
without  any  such  division  of  the  series. 
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Optics,  like  ABtronomy,  has  for  its  object  of  inqniry,  first,  the  laws 
of  phenomena,  and  next,  their  causes ;  and  we  may  hence  divide  this 
science,  like  the  other,  into  Formal  Optics  and  Physical  Optics.  The 
distinction  is  clear  and  snhstantiye,  bnt  it  is  not  easy  to  adhere  to  it  in 
our  narrative ;  for,  after  the  theory  had  begun  to  make  its  rapid  ad- 
vance, many  of  the  laws  of  phenomena  were  studied  and  discovered  in 
immediate  reference  to  the  theoretical  cause,  and  do  not  occupy  a 
separate  place  in  the  history  of  science,  as  in  Astronomy  they  da 
We  may  add,  that  the  reason  why  Formal  Astronomy  was  ahnoit 
complete  before  Physical  Astronomy  began  to  exist,  was,  that  it  mm 
necessary  to  construct  the  science  of  Mechanics  in  the  mean  timey  in 
order  to  be  able  to  go  on ;  whereas,  in  Optics,  mathematicians  were 
able  to  calculate  the  results  of  the  undulatory  theory  as  soon  as  it  had 
suggested  itself  from  the  earlier  focts,  and  while  the  great  mtm  of 
&cts  were  only  becoming  known. 

We  shall,  tiien,  in  the  first  nine  chapters  of  the  History  of  Optios, 
treat  of  the  Formal  Science,  that  is,  the  discovery  of  the  laws  of 
phenomena.  The  classes  of  phenomena  which  will  thus  pass  imder 
our  notice  are  numerous;  namely,  reflection,  refraction,  chromatie 
dispersion,  achromatization,  double  refraction,  polarization,  dipolarisBp 
tion,  the  colors  of  thin  plates,  the  colors  of  thick  plates,  and  the 
fringes  and  bands  which  accompany  shadows.  All  these  cases  had 
been  studied,  and,  in  most  of  them,  the  laws  had  been  in  a  great  mea- 
sure discovered,  before  the  physical  theory  of  the  subject  gave  to  our 
knowledge  a  simpler  and  more  solid  form. 
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CHAPTER  L 

Pbimabt  Induction  of  Optics. — ^Rays  of  Light  and  Laws  of 
Reflection. 

1'S  speaking  of  the  Ancient  History  of  Physics,  we  have  already 
noticed  that  the  optical  philosophers  of  antiquity  had  satisfied 
themselves  that  vision  is  performed  in  straight  lines ; — that  they  had 
fixed  their  attention  upon  those  straight  lines,  or  raySj  as  the  proper 
object  of  the  science ; — ^they  had  ascertained  that  rays  reflected  from 
a  bright  sar&ce  make  the  angle  of  reflection  equal  to  the  angle  of 
incidence; — and  they  had  drawn  several  consequences  from  these 
principles. 

We  may  add  to  the  consequences  already  mentioned^  the  art  of 
perepectivey  which  is  merely  a  corollary  from  the  doctrine  of  rectilinear 
visual  rays ;  for  if  we  suppose  objects  to  be  referred  by  such  rays  to  a 
plane  interposed  between  them  and  the  eye,  all  the  rules  of  perspec- 
tive follow  directly.  The  ancients  practised  this  art,  as  we  see  in  the 
pictures  which  remain  to  us  and  we  learn  from  Vitruvius,*  that  they 
also  wrote  upon  it  Agatharchus,  who  had  been  instructed  by 
Eschylus  in  the  art  of  making  decorations  for  the  theatre,  was  the 
first  author  on  this  subject,  and  Anaxagoras,  who  was  a  pupil  of  Aga- 
tharchus, also  wrote  an  ActinographiOy  or  doctrine  of  drawing  by 
rays :  but  none  of  these  treatises  are  come  down  to  us.  The  modems 
re-invented  the  art  in  the  flourishing  times  of  the  art  of  painting,  that 
is,  about  the  end  of  the  fifteenth  century ;  and,  bdonging  to  that 
period  also,  we  have  treatises*  upon  it. 

But  these  are  only  deductive  applications  of  the  most  elementary 
optical  doctrines;  we  must  proceed  to  the  inductions  by  which 
further  discoveries  were  made. 


DeAreK  ix.    Mont  L  707.  '  Gaurieiu,  1004. 
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CHAPTER  II 

DiSCOVBRY    OF   THE   Law   OF   REFRACTION. 

have  seen  in  the  former  part  of  this  history  that  the  Greeks 
had  formed  a  tolerably  clear  conception  of  the  refraction  as  well 
as  the  reflection  of  the  rays  of  light ;  and  that  Ptolemy  had  measoied 
the  amount  of  refraction  of  glass  and  water  at  varions  angles.  If  ipe 
give  the  names  of  the  angle  of  incidence  and  the  angle  of  refiraetUm 
respectively  to  the  angles  which  a  ray  of  light  makes  with  the  line 
perpendicular  to  snrfiMe  of  glass  or  water  (or  any  other  medium) 
within  snd  without  the  medium,  Ptolemy  had  observed  that  the  ai^e 
of  refraction  is  ahrays  less  than  the  angle  of  incidenoe.  He  had  mp- 
posed  it  to  be  less  in  a  given  proportion,  but  this  opinion  it  Mae ;  and 
was  afterwards  rightly  denied  by  the  Arabian  mathematician  Alhuen. 
The  optical  views  which  occur  in  the  work  of  Alhazen  are  far  soiuider 
tiian  those  of  his  predecessors ;  and  the  book  may  be  regarded  as  the 
most  considerable  monument  which  we  have  of  the  scientific  genius 
of  the  Arabians ;  for  it  appears,  for  the  most  part,  not  to  be  borrowed 
from  Qieek  authorities.  The  author  not  only  asserts  (lib.  vii.),  that 
refraction  takes  place  towards  the  perpendicular,  and  refers  to  experi- 
ment for  the  truth  of  this :  and  that  the  quantities  of  the  refraction 
differ  according  to  the  magnitudes  of  the  angles  which  the  directions 
of  the  incidental  rays  (prima  Unea)  make  with  the  perpendiculaiB  to 
the  surface ;  but  he  also  says  distinctly  and  decidedly  that  the  angles 
of  refraction  do  not  follow  the  proportion  of  the  angles  of  incidence. 

[2nd  Ed.]  [There  appears  to  bo  good  ground  to  assent  to  the 
assertion  of  Alhazen's  originality,  made  by  his  editor  Risncr,  who 
says,  ^Euclideum  hie  vel  Ptolemaicum  nihil  fere  est."  Besides  the 
doctrine  of  reflection  and  refraction  of  light,  the  Arabian  author  gives 
a  description  of  the  eye.  He  distinguishes  three  fluids,  humor  aquetu^ 
cn/8tallinu8y  vitreus,  and  four  coats  of  the  eye,  tunica  adherenSy  cornea^ 
uveOj  tunica  reti  similis.  He  distinguishes  also  three  kinds  of  vision : 
**  Visibile  percipitur  aut  solo  visu,  aut  visu  et  syllogismo,  aut  visu  et 
anticipate  notione."  Ho  has  several  propositions  relating  to  what  we 
sometimes  call  the  Philosophy  of  Vision  :  for  instance  this  :  "  E  visi 
bili  ssepius  viso  lemanet  in  anima  generalis  notio,"  d^a] 
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Hie  asBertioDy  that  the  angles  of  refraction  are  not  proportional  to 
the  angles  of  incidence,  was  an  important  remark ;  and  if  it  had  been 
steadily  kept  in  mind,  the  next  thing  to  be  done  with  r^ard  to  refine* 
tion  waa  to  go  on  experimenting  and  conjectoring  till  the  true  law  of 
refraction  was  discovered ;  and  in  the  mean  time  to  apply  the  prin- 
ciple as  &r  as  it  was  known.  Alhazen,  though  he  gives  directions  for 
making  experimental  measures  of  refiraction,  does  not  give  any  Table 
td  the  results  of  such  experiments,  as  Ptolemy  had  done.  Yitello,  a 
Pole,  who  in  the  13th  century  published  an  extensive  work  upon  Op> 
tics,  does  give  such  a  table;  and  asserts  it  to  be  deduced  from  experi- 
ment, as  I  have  already  said  (vol.  i.).  But  this  assertion  is  still  liable 
to  doubt  in  consequence  of  the  table  containing  impossible  observations. 

[2iid  Ed.]  [As  I  have  already  stated,  Yitello  asserts  that  his  Ta- 
Uea  were  derived  from  his  own  observations.  Their  near  agreement 
vriih  those  of  Ptolemy  does  not  make  this  improbable:  for  where  the 
observatioDs  were  only  made  to  half  a  d^ree^  there  was  not  much 
room  for  obaervers  to  differ.  It  is  not  unlikely  that  the  observations 
of  refraction  out  of  air  into  water  and  glass,  and  out  of  water  into 
glass,  were  actually  made ;  while  the  impossible  values  which  accom- 
pany them,  of  the  refraction  out  of  water  and  glass  into  air,  and  out 
of  glass  into  water,  were  calculated,  and  calculated  from  an  erroneous 
rule.] 

The  principle  that  a  ray  refracted  in  glass  or  water  is  turned  to- 
wards the  perpendicular,  without  knowing  the  exact  law  of  r^&action, 
enabled  mathematicians  to  trace  the  effects  of  transparent  bodies  in 
variooa  cases.  Thus  in  Roger  Bacon's  works  we  find  a  tolerably  dis- 
tinct explanation  of  the  effect  of  a  convex  glass ;  and  in  the  work  of 
Yitello  the  effect  of  refraction  at  the  two  surfaces  of  a  glass  globe  is 
clearly  traceable. 

Notwithstanding  Alhazen's  assertion  of  the  contrary,  the  opinion 
was  still  current  among  mathematicians  that  the  angle  of  refiraction 
was  proportional  to  the  angle  of  incidence.  But  when  Kepler's  atten- 
tion was  drawn  to  the  subject,  he  saw  that  this  was  plainly  inconsistent 
with  the  observations  of  Yitello  for  large  angles;  and  ho  convinced 
himself  by  his  own  experiments  that  the  true  law  was  something 
diffeient  fix>m  the  one  conmionly  supposed.  The  discovery  of  this 
true  law  excited  in  him  an  eager  curiosity ;  and  this  point  had  the 
more  interest  for  him  in  consequence  of  the  introduction  of  a  correc- 
tion for  atmospheric  refraction  into  astronomical  calculations,  which 
had  been  notade  by  l^oho,  and  of  the  invention  of  the  telescope.    In 
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his  Supplement  to  Vitello^  published  in  1604,  Kepler  attempts  to 
reduce  to  a  rule  the  measured  Quantities  of  refraction.  The  reader 
who  recollects  what  we  have  already  narrated,  the  manner  in  which 
Kepler  attempted  to  reduce  to  law  the  astronomical  observationB  of 
Tycho, — devising  an  almost  endless  variety  of  possible  formulsa,  tracing 
their  consequences  with  undaunted  industry,  and  relating,  with  a  yif«- 
cious  garrulity,  his  disappointments  and  his  hopes, — ^will  not  be  sur- 
prised to  find  that  he  proceeded  in  the  same  manner  with  regard  to 
the  Tables  of  Observed  Refractions.  He  tried  a  variety  of  constructions 
by  triangles,  conic  sections,  drc,  without  being  able  to  satisfy  himsdlf ; 
and  he  at  last^  is  obliged  to  content  himself  with  an  approximate  role, 
which  makes  the  refraction  partly  proportional  to  the  angle  of  inci- 
dence, and  partly,  to  the  secant  of  that  angle.  In  this  way  he  satisfies 
the  observed  refractions  within  a  difference  of  less  than  half  a  degree 
each  way.  When  we  consider  how  simple  the  law  of  refraction  is, 
(that  the  ratio  of  the  sines  of  the  angles  of  incidence  and  refraction  is 
constant  for  the  same  medium,)  it  appears  strange  that  a  person  at- 
tempting to  discover  it,  and  drawing  triangles  for  the  purpose,  should 
fail ;  but  this  lot  of  missing  what  afterwards  seems  to  have  been  ob- 
vious, is  a  common  one  in  the  pursuit  of  truth. 

The  person  who  did  discover  the  Law  of  the  Sines,  was  Willebrord 
Snell,  about  1621 ;  but  the  law  was  first  published  by  Descartes, 
who  had  seen  Snell's  papers.'  Descartes  does  not  acknowledge  this 
law  to  have  been  first  detected  by  another ;  and  after  his  manner,  in- 
stead of  establishing  its  reality  by  reference  to  experiment,  he  pretends 
to  prove  d  priori  that  it  must  be  true,'  comparing,  for  this  puipose, 
the  particles  of  light  to  balls  striking  a  substance  which  accelerates 
them. 

[2nd  Ed.]  [Huyghens  says  of  Snell's  papers,  "  Quae  et  nos  vidimus 
aliquando,  et  Cartesium  quoque  vidisse  accepimus,  et  hinc  fortasse 
mensuram  illam  qu89  in  sinibus  consistit  elicuerit''  Isaac  Vosdua,  De 
Lucis  Naturd  et  Proprietate,  says  that  he  also  had  seen  this  law  in 
Snell's  unpublished  optical  Treatise.  The  same  writer  says,  "Quod 
itaque  (Cartesius)  habet,  refractionum  momenta  non  exigenda  esse  ad 
angulos  sed  ad  lineas,  id  tuo  Snellio,  acceptum  ferre  debuisset,  cujus 
nomen  more  eolito  dissimulavit."  "Cartesius  got  his  law  from  Snell, 
and  in  his  usual  way^  concealed  it" 


»  L.  U.  K.  Lifi  of  Kepler,  p.  115. 
Haygheiifl»  IHoptriea,  p.  2.  '  Diopt  p.  58. 
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Huygfaens'  assertion^  that  Snell  did  not  attend  to  the  proportion  of 
the  sines,  is  very  captions ;  and  becomes  absnrdly  so,  when  it  is  made 
to  mean  that  Bnell  did  not  know  the  law  of  the  sines.  It  is  not  denied 
that  Sn^  knew  the  tme  law,  or  that  the  tme  law  is  the  law  of  the 
sines.  Snell  does  not  nse  the  trigonometrical  term  Hne,  bnt  he  ex- 
presses the  law  in  a  geometrical  form  more  simply.  Even  if  he  had 
attended  to  the  law  of  the  sines,  he  might  reasonably  have  preferred 
his  own  way  of  stating  it 

James  Gr^ory  also  independently  discovered  the  trae  law  of  refrac- 
tion ;  and,  in  publishing  it,  states  that  he  had  learnt  that  it  had  already 
been  published  by  Descartes]. 

Bnt  thongh  Descartes  does  not,  in  this  instance,  produce  any  good 
claims  to  the  character  of  an  inductive  philosopher,  he  showed  consi- 
derable skill  in  tracing  the  consequences  of  the  principle  when  once 
adopted  In  particular  we  must  consider  him  as  the  genuine  author 
of  the  explanation  of  the  rainbow.  It  is  true  that  Fleischer*  and  Kep- 
ler had  previously  ascribed  this  phenomenon  to  the  rays  of  sunlight 
which,  Ming  on  drops  of  rain,  are  refracted  into  each  drop,  reflected 
at  its  inner  sur&ce,  and  refracted  out  again :  Antonio  de  Dominis  had 
found  that  a  glass  globe  of  water,  when  placed  in  a  particular  position 
with  respect  to  the  eye,  exhibited  bright  colors;  and  had  hence 
explained  the  circular  form  of  the  bow,  which,  indeed,  Aristotle  had 
done  before.*  But  none  of  these  writers  had  shown  why  there  was  a 
narrow  bright  circle  of  a  definite  diameter ;  for  the  drops  which  send 
rays  to  the  eye  after  two  refractions  and  a  reflection,  occupy  a  much 
wider  space  in  the  heavens.  Descartes  assigned  the  reason  for  this  in 
the  most  satisfactory  manner,*  by  showing  that  the  rays  which,  after 
two  refractions  and  a  reflection,  come  to  the  eye  at  an  angle  of  about 
forty-one  degrees  with  their  original  direction,  are  far  more  dense  than 
those  in  any  other  position.  He  showed,  in  the  same  manner,  that  the 
existence  and  position  of  the  iseondary  how  resulted  itora  the  same 
laws.  This  is  the  complete  and  adequate  account  of  the  state  of 
things,  so  &r  as  the  brightness  of  the  bows  only  is  concerned ;  the 
explanaiion  of  the  colors  belongs  to  the  next  article  of  our  survey. 

The  explanatioi>  of  the  rainbow  and  of  its  magnitude,  afforded  by 
SnelPs  law  of  sines,  was  perhaps  one  of  the  leading  points  in  the  verifi- 
cation of  the  law.  The  principle,  being  once  established,  was  applied, 
by  the  aid  of  mathematical  reasoning,  to  atmospheric  refractions,  opti- 


*  M<mt  i  tOl.  *  MetwroL  iil  8.  '  M^wnmi,  cap.  viiL  p.  196. 
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cal  instramenta,  dia4xiustic  cnrvea^  (that  u,  the  cunres  of  intenae  li^t 
produced  by  refraction,)  and  to  Varioiis  other  cases ;  and  was,  of  conne, 
tested  and  confirmed  by  sach  applications.  It  was,  however,  impotti- 
Ue  to  pursue  these  iipplications  &r,  without  a  due  knowledge  of  the 
laws  by  wbiyh,  in  sudi  ca^  colors  are  produced.  To  these  we  nofw 
proceed. 

[2nd  £d.]  [I  have  omitted  many  interesting  parts  of  the  histMy  of 
Optics  about  this  period,  because  I  was  concerned  with  the  indueiim 
discovery  of  ]aws,  rather  than  with  mathematical  deductions  from  wach 
laws  when  established,  or  applications  of  them  in  the  form  of  instrsr 
ments.  I  might  otherwise  have  noticed  the  discovery  of  Spectade 
Glasses^  of  the  Telescope,  of  the  Microscope,  of  the  Cunera  Obacora, 
and  the  mathematical  explanation  of  these  and  other  phenomena^  aa 
given  by  Kepler  and  others.  I  might  also  have  noticed  the  progreaa 
of  knowledge  respecting  the  Eye  and  Vision.  We  have  seen  that 
Alhazen  described  the  structure  of  the  eye.  The  operation  of  fhe 
parts  was  gradually  made  out  Baptista  Porta  compares  the  eye  to 
his  Camera  Obscura  {Magia  Naturalis,  1579).  Scheiner,  in  his  Oeth 
luSf  published  1C52,  completed  the  Theory  of  tlie  Eye.  And  Kepler 
discussed  some  of  the  questions  even  now  often  agitated ;  as  the  causea 
and  conditions  of  our  seeing  objects  single  with  two  eyes,  and  erect 
with  inverted  images.] 


CHAPTER  III. 
Discovery  of  ths  Law  of  Dispsrsion  by  Refraotiok. 

EARLY  attempts  nere  made  to  account  for  the  colore  of  the  rain- 
bow, and  various  other  phenomena  in  which  colors  are  seen  to 
arise  irom  transient  and  unsubstantial  combinations  of  media.  Thus 
Aristotle  explains  the  colors  of  the  rainbow  by  supposing'  that  it  la 
light  seen  through  a  dark  medium :  **  Now,"  says  he,  "  the  bright  seen 
through  the  dark  appears  red,  as,  for  instance,  the  fire  of  green  wood 
seen  through  the  smoke,  and  the  sun  through  mist  AW  the  weaker 
is  the  lights  or  the  visual  power,  and  the  nearer  the  color  ap^jroaches 
to  the  black ;  becoming  first  red,  then  green,  then  purple.    But'  the 

*  Meteor.  iiL  8,  pi  878.  •  lb.  p.  874.  "  lb.  p.  87«. 
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vision  is  strongest  in  the  onter  circle,  becaase  the  periphery  is  greater; 
— thns  we  riiall  have  a  gradation  from  rexl,  through  green,  to  ^pmple, 
in  passing  from  the  onter  to  the  inner  circle."  This  acconnt  wonld 
hardly  have  deserved  much  notice,  if  it  had  not  been  for  a  strange 
attempt  to  revive  it,  or  something  very  like  it,  in  modem  times.  Hie 
same  doctrine  is  foand  in  the  work  of  De  Dominis.*  According  to 
him,  light  is  white :  bat  if  we  mix  with  the  light  something  dark,  the 
colors  arise, — ^first  red,  then  green,  then  blue  or  violet  He  applies 
this  to  explain  the  colors  of  the  rainbow,*  by  means  of  the  considera- 
tion that,  of  the  rays  which  come  to  the  eye  from  the  globes  of  water, 
some^  go  through  a  larger  thickness  of  the  globe  than  others,  whence 
he  obtains  Hhe  gradation  of  colors  just  described. 

Descartes  came  £v  nearer  the  true  philosophy  of  the  iridal  colors. 
He  found  ^at  a  similar  series  of  colors  was  produced  by  refraction  of 
liglit  bounded  by  shade,  through  a  prism  ;*  and  he  rightly  inferred 
that  neither  the  curvature  of  the  surface  of  the  drops  of  water,  nor  the 
reflection,  nor  the  repetition  of  refraction,  were  necessary  to  the 
generation  of  such  colors.  In  further  examining  the  course  of  the 
rays,  he  approaches  very  near  to  the  true  conception  of  the  case ;  and 
we  are  led  to  believe  l^at  he  might  have  anticipated  Newton  in  his 
discovery  of  the  unequal  rcfrangibility  of  different  colors,  if  it  had  been 
possible  for  him  to  reason  any  otherwise  than  in  the  terms  and  notions 
of  his  preconceived  hypotheses.  The  conclusion  which  he  draws  is,' 
that  ^  the  particles  of  the  subtile  matter  which  transmit  the  action  of 
light,  endeavor  to  rotate  with  so  great  a  force  and  impetus,  that  they 
cannot  move  in  a  straight  line  (whence  comes  refraction) :  and  that 
those  particles  which  endeavor  to  revolve  much  more  strongly  produce 
a  red  color,  those  which  endeavor  to  move  only  a  little  more  strongly 
produce  yellow."  Here  we  have  a  clear  perception  that  colors  and 
unequal  refraction  are  connected,  thongh  the  cause  of  refraction  is 
expressed  by  a  gratuitous  hypothesis.  And  we  may  add,  that  he 
applies  this  notion  rightly,  so  far  as  he  explains  himself,'  to  account 
for  the  colors  of  the  rainbow. 

It  appears  to  me  that  Newton  and  others  have  done  Descartes 
injustice,  in  ascribing  to  De  Dominis  the  true  theory  of  the  rainbow. 
There  are  two  main  points  of  this  theory,  namely,  the  showing  that  a 
hri^kt  circular  band,  of  a  certain  definite  diameter,  arises  from  the 


*  Cap.  iil  p.  9.    See  also  Gothe,  FarbenL  vol  a  p.  251.    *  Gothe,  p.  268. 

•  Meteor.  Sect  via  p.  190.  »  Sect  vii  p.  198.  •  MeUar,  Sect  ix. 
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great  intensity  of  the  light  returned  at  a  certain  angle ;  and  the  i 
ring  the  different  eokri  to  the  different  quantity  of  the  refraction  ;  and 
both  these  steps  appear  indubitably  to  be  the  discoveries  of  Deacaitet^ 
And  he  informs  us  that  these  discoveries  were  not  niade  withoot  soma 
exertion  of  thought  ^  At  first^**  he  says,'  ^  I  doubted  whether  IIm 
iridal  colors  were  produced  in  the  same  way  as  those  in  the  prum; 
but,  at  last,  taMng  my  pen,  and  carefully  calculatmg  the  coune  of  IIm 
rays  which  M  on  each  part  of  the  drop,  I  found  that  many  moie 
come  at  an  angle  of  forty-one  degrees,  than  either  at  a  greater  or  a  ]em 
angle.  So  that  there  is  a  bright  bow  terminated  by  a  shade ;  and 
hence  the  colors  are  the  same  as  those  produced  through  a  prism." 

The  subject  was  left  nearly  in  the  same  state,  in  the  work  of  Gri- 
maldi,  Fhynco-Mathe^iSy  de  Luminej  Colorihus  et  IridSj  published  at 
Bologna  in  1665.  There  is  in  this  work  a  constant  reference  to 
numerous  experiments,  and  a  systematic  exposition  of  the  science  in 
an  improved  state.  The  author^s  calculations  concerning  the  rainbow 
are  put  in  the  same  form  as  those  of  Descartes ;  but  he  is  further  horn 
seizing  the  true  principle  on  which  its  coloration  depends.  He  rightly 
groups  together  a  number  of  experiments  in  which  colors  arise  fixm 
refraction ;"  and  explains  them  by  saying  that  the  color  is  bri^ter 
where  the  light  is  denser :  and  the  light  is  denser  on  the  side  from 
which  the  refraction  turns  the  ray,  because  the  increments  of  refraction 
are  greater  in  the  rays  that  arc  more  inclined."  This  way  of  treating 
the  question  might  be  made  to  give  a  sort  of  explanation  of  moet  of 
the  &cts,  but  is  much  more  erroneous  than  a  dcvolopcment  of  Descar- 
tes's  view  would  have  been. 

At  length,  in  1672,  Newton  gave**  the  true  explanation  of  the  fiicts; 
namely,  that  light  consists  of  rays  of  different  colors  and  different 
refrangibility.  This  now  appears  to  us  so  obvious  a  mode  of  interpret- 
ing the  phenomena,  that  we  can  hardly  understand  how  they  can  be 
conceived  in  any  other  manner ;  but  yet  the  impression  which  this 
discovery  made,  both  upon  Newton  and  upon  his  contemporaries,  showi 
how  remote  it  was  from  the  then  accepted  opinions.  There  appears 
to  have  been  a  general  persuasion  that  the  coloration  was  produced, 
not  by  any  peculiarity  in  the  law  of  refraction  itself  but  by  some  col- 
lateral circumstance, — some  dispersion  or  variation  of  density  of  the 
light,  in  addition  to  the  refraction.    Newton^s  discovery  consisted  in 


•  Sect  ix.  p.  198.  ^  Prop.  86,  p.  254.  "  lb.  p.  255. 
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teaching  distinctly  that  the  law  of  refraction  was  to  be  applied,  not  to 
the  beam  of  light  in  general,  bat  to  the  colors  in  particular. 

When  Newton  produced  a  bright  spot  on  the  wall  of  his  chamber, 
by  admitting  the  sun's  light  through  a  small  hole  in  his  window-shut- 
ter, and  making  it  pass  through  a  prism,  he  expected  the  image  to  be 
round;  which,  of  course,  it  would  have  been,  if  the  colors  had  been 
produced  by  an  equal  dispersion  in  all  directions;  but  to  his  surprise 
he  saw  the  image,  or  gpecirumj  five  times  as  long  as  it  was  broad. 
He  found  that  no  consideration  of  the  different  thickness  of  the  glass, 
the  possible  tmevenness  of  its  surface,  or  the  different  angles  of  rays 
proceedii^  from  the  two  sides  of  the  sun,  could  be  the  cause  of  this 
shi^.  He  found,  also,  that  the  rays  did  not  go  frt>m  the  prism  to  the 
image  in  curves ;  he  was  then  convinced  that  the  different  colors  were 
refracted  separately,  and  at  different  angles ;  and  he  confirmed  this  opi- 
nion by  transmitting  and  refracting  the  rays  of  each  color  separately. 

The  experiments  are  so  easy  and  common,  and  Newton's  interpreta- 
tion of  them  so  simple  and  evident,  that  we  might  have  expected  it  to 
receive  general  assent;  indeed,  as  we  have  shown,  Descartes  had 
already  been  led  very  near  the  same  point  In  f&dy  Newton's  opinions 
were  not  long  in  obtaining  general  acceptance;  but  they  met  with 
enough  of  cavil  and  misapprehension  to  annoy  extremely  the  disco- 
verer, whose  clear  views  and  quiet  temper  made  him  impatient  alike 
of  stupidity  and  of  contentiousness. 

We  need  not  dwell  long  on  the  early  objections  which  were  made 
to  Newton's  doctrine.  A  Jesuit,  of  the  name  of  Ignatius  Pardies,  pro- 
fessor at  Clermont,  at  first  attempted  to  account  for  the  elongation  of 
the  image  by  the  difference  of  the  angles  made  by  the  rays  from  the 
two  edges  of  the  sun,  which  would  produce  a  difference  in  the  amount 
of  refittction  of  the  two  borders ;  but  when  Newton  pointed  out  the 
calculations  which  showed  the  insufficiency  of  this  explanation,  he 
withdrew  his  opposition.  Another  more  pertinacious  opponent 
appeared  in  Francis  linus,  a  physician  of  Liege ;  who  maintained,  that 
having  Uied  the  experiment,  he  found  the  sun's  image,  when  the  sky 
was  dear,  to  be  round  and  not  oblong ;  and  he  ascribed  the  elongation 
noticed  by  Newton,  to  the  effect  of  clouds.  Newton  for  some  time 
refused  to  reply  to  this  contradiction  of  ^  his  assertions,  though  obsti- 
nately persisted  in ;  and  his  answer  was  at  last  sent,  just  about  the 
time  of  Linus's  death,  in  1675.  But  Gascoigne,  a  friend  of  Linus,  stiU 
maintained  that  he  and  others  had  seen  what  the  Dutch  physician  had 
described ;  and  Newton,  who  was  pleased  with  the  candor  of  Gas- 
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I  letter,  BUggestcd  that  tbe  Dutch  experimentea  might  h 
tne  of  the  imago*  reflected  from  tbe  aurfeces  of  the  prisn^ 
[here  are  several,  bstca^  of  the  proper  refracted  one,     By  i 
his  hint^  LucBfl  of  Liege  repeated  Newton'a  experimented  1 
d  Newton's  result^  except  that  he  never  coTild  obtain  a  spet^ 
length   was   more   than  three   and  a  half  times  its  bi^ad 
1,  on  his  aide,  persisted  in  asserting  that  tbe  imag«  would 
les  aa  long  aa  it  was  broad,  if  the  experiment  were  prope 

It  k  evirions  tbat  he  should  have  been  so  confident  of  tbt% 
jeivdi  himself  certain  thjit  such  would  be  the  result  in  all  cac 
ff  know  tliat  the  disperaion^  and  consequently  the  len^b,  of  1 
n^  is  very  different  for  different  kinds  of  glfl«s,  and  it  is  f^ 
e  that  tbe  Butch  prism  was  really  less  dispcTeivc  thani 

one."    Tlie  erroneous  areuinptiou  which  Newton  mad»- 
itiiuce,  he  held  by  to  the  last ;  and  was  thus  prevented  fti 

t!ie  discovery  of  which  we  bavc  ucjt  to  speak, 
[on  was  att^ked  by  persona  of  more  importance  than  thoe«4 
't  mentioned  ;  namely,  Uooke  and  lluygbena,     Thuse  philo 
tiovrever^  did  not  object  so  much  to  tbe  laws  of  refraction 
^jOJo^^a^^^om^jsnnjggiojj^isct^j^Newto^ 
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len  bordered  with  c<dor,  in  consequence  of  thifl  property.  The  im- 
provement of  telescopes  was,  in  Newton's  time,  the  great  practical 
motire  for  aiming  at  the  improvement  of  theoretical  optics.  Newtoo^s 
theory  showed  why  telescopes  were  imperfect,  namely,  in  consequence 
of  the  different  refraction  of  different  colors,  which  prodaces  a  ehnh 
mnaik  aberration :  and  the  theory  was  confirmed  by  the  circnmstances 
of  anch  imperfections.  The  fiUse  opinion  of  which  we  have  ahready 
qpoken,  that  the  dispersion  must  bo  the  same  when  the  refraction  is 
the  same,  led  him  to  believe  that  the  imperfection  was  insmrmonntable, 
— that  aekromaiic  refraction  could  not  be  obtained :  and  this  view 
made  him  turn  his  attention  to  the  construction  of  reflecting  instead 
of  refracting  telescopes.  But  the  rectification  of  Newton's  error  was 
a  fuitiher  confirmation  of  the  general  truth  of  his  principles  in  other 
respects ;  and  since  that  time,  the  soundness  of  the  Newtonian  law  of 
refraction  has  hardly  been  questioned  among  physical  philosophers. 

It  haa^  however,  in  modern  times,  been  very  vehemently  contxo- 
verted  in  a  quarter  from  which  we  might  not  readily  have  expected  a 
detailed  discussion  on  such  a  subject.  The  celebrated  Gdthe  has  writ- 
ten a  woric  on  7^  Doctrine  of  Oohrs,  (Farbenlehre  ;  T&bingen,  1810,) 
one  main  purpose  of  which  is,  to  represent  Newton's  opinions,  and  the 
work  in  which  they  are  formally  published,  (his  OpikkSj)  as  utterly 
fidse  and  mistaken,  and  capable  of  being  assented  to  only  by  the  most 
blind  and  obstinate  prejudice.  Those  who  are  acquainted  with  the 
extent  to  which  such  an  opinion,  promulgated  by  Gothe,  was  likely  to 
be  widely  adopted  in  Qermany,  will  not  be  surprised  that  similar 
language  is  used  by  other  writers  of  that  nation.  Thus  Schelling'* 
says:  "Newton's  Opticks  is  the  greatest  proof  of  the  possibility  of  a 
whole  structure  of  Macies,  which,  in  all  its  parts,  is  founded  upon 
observation  and  experiment"  Gothe,  however,  docs  not  concede  even 
80  much  to  Newton's  work.  He  goes  over  a  large  portion  of  it,  page 
by  page,  quarrelling  with  the  experiments,  diagrams,  reasoning,  and 
language,  without  intermission ;  and  holds  that  it  is  not  reconcileable 
wiih  the  most  simple  facts.  He  declares,*'  that  the  first  time  he 
looked  through  a  prism,  he  saw  the  white  walls  of  the  room  still  look 
whiter  **  and  though  alone,  I  pronounced,  as  by  an  instinct,  that  the 
Newtonian  doctrine  is  frdse."  We  need  not  here  point  out  how  incon- 
sistent with  the  Newtonian  doctrine  it  was,  to  expect,  as  GOthe 
expected,  that  the  wall  should  be  all  over  colored  various  colors. 


^  VorknmgeHf  pi  87a  ^  FarbenUhre,  voL  il  p  678. 
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Gothe  not  only  adopted  and  strcnnously  maintainod  the  opinion  diat 
the  Newtonian  theory  was  false,  but  he  framed  a  system  of  his  own  to 
explain  the  phenomena  of  color.  As  a  matter  of  cariosity,  it  may  be 
worth  our  while  to  state  the  nature  of  this  system ;  although  ondonbl' 
edly  it  forms  no  part  of  the  progresi  of  physical  science.  Gttthe't 
views  are,  in  fact,  little  different  from  those  of  Aristotle  and  Antonio 
de  Dominis,  though  more  completely  and  systematically  developed. 
According  to  him,  colors  arise  when  we  see  through  a  dim  mediam 
("ein  trUbes  mittel").  Light  in  itself  is  colorless;  but  if  it  be  seen 
through  a  somewhat  dim  medium,  it  appears  yellow ;  if  the  dimnew 
of  the  medium  increases,  or  if  its  depth  be  augmented,  we  see  the 
light  gradually  assume  a  yellow-red  color,  which  finally  is  heightened 
to  a  ruby-red.  On  the  other  hand,  if  darkness  is  seen  through  a  dim 
medium  which  is  illuminated  by  a  light  falling  on  it,  a  blue  color  it 
seen,  which  becomes  clearer  and  paler,  the  more  the  dimness  of  the 
medium  increases,  and  darker  and  fuller,  as  the  medium  becomes  more 
transparent ;  and  when  we  come  to  ''the  smallest  degree  of  the  purest 
dimness,"  we  see  the  most  perfect  violet."  In  addition  to  this  **  doc- 
trine of  the  dim  medium,"  we  have  a  second  principle  asserted  con- 
cerning refraction.  In  a  vast  variety  of  cases,  images  are  accompanied 
by  ''  accessory  images,"  as  when  we  see  bright  objects  in  a  looking- 
glass."  Now,  when  an  image  is  displaced  by  refraction,  the  displace- 
ment is  not  complete,  clear  and  sharp,  but  incomplete,  so  that  there  is 
an  accessory  image  along  with  the  principal  one."  From  these  prin 
ciples,  the  colors  produced  by  refraction  in  the  image  of  a  bright 
object  on  a  dark  ground,  are  at  once  derivable.  The  accessory  image 
is  semitransparent ;"  and  hence  that  border  of  it  which  is  pushed  for- 
wards, is  drawn  from  the  dark  over  the  bright,  and  there  the  yoUow 
appears;  on  the  other  hand,  where  the  clear  border  laps  over  the 
dark  ground,  the  blue  is  seen ;''  and  hence  we  easily  see  that  tihe  image 
must  appear  red  and  yellow  at  one  end,  and  blue  and  violet  at  the 
other. 

We  need  not  explain  this  system  farther,  or  attempt  to  show  how 
vague  and  loose,  as  well  as  baseless,  are  the  notions  and  modes  of  con- 
ception which  it  introduces.  Perhaps  it  is  not  difBcult  to  point  oat 
the  peculiarities  in  Gothc's  intellectual  character  which  led  to  his 
singularly  unphilosophical  views  on  this  subject    One  important  cix^ 


'^  Farbenlehre,  g  150.  p.  161.  "  lb.  §  228. 

»  lb.  §  227.  *  lb.  §  288.  "  lb.  §  289. 
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comstance  is,  that  he  appears,  like  many  persons  in  whom  the  poetical 
imagination  is  very  active,  to  have  been  destitute  of  the  talent  and 
the  habit  of  geometrical  thought  In  all  probability,  he  never  appre- 
hended clearly  and  steadily  ^ose  relations  of  position  on  which  the 
Newtonian  doctrine  depends.  Another  cause  of  his  inability  to  accept 
dte  doctrine  probably  was,  that  he  had  conceived  the  ^  composition  ^ 
of  colors  in  some  way  altogether  different  from  that  which  Newton 
understands  by  composition.  What  Gothe  expected  to  see,  wo  cannot 
clearly  collect ;  but  we  know,  from  his  own  statement,  that  his  inten- 
tion of  experimenting  with  a  prism  arose  from  his  speculations  on  the 
rales  of  coloring  in  pictures ;  and  we  can  easily  see  that  any  notion 
of  the  composition  of  colors  which  such  researches  would  suggest, 
would  require  to  be  laid  aside,  before  he  could  understand  Newton's 
theory  of  the  composition  of  light 

Other  objections  to  Newton's  theory,  of  a  kind  very  different,  have 
been  recently  made  by  that  eminent  master  of  optical  science,  Sir 
David  Brewster.  He  contests  Newton's  opinion,  that  the  colored  rays 
into  which  light  is  separated  by  refraction  are  altogether  simple  and 
homogeneous,  and  incapable  of  being  frirther  analysed  and  modified. 
For  he  finds  that  by  passing  such  rays  through  colored  media  (as  blue 
glass  for  instance),  they  are  not  only  absorbed  and  transmitted  in  very 
various  d^rees,  but  that  some  of  them  have  their  color  altered ;  which 
effect  he  conceives  as  a  frirther  analysis  of  the  rays,  one  component 
color  being  absorbed  and  the  other  transmitted.*'  And  on  this  sub- 
ject we  can  only  say,  as  we  have  before  said,  that  Newton  has  incon- 
testably  and  completely  established  his  doctrine,  so  &r  as  analysis  and 
decomposition  hi/  refraction  are  concerned ;  but  that  with  regard  to 
any  other  analysis,  which  absorbing  media  or  other  agents  may  pro- 
duce, we  have  no  right  from  his  experiments  to  assert,  that  the  colors 
of  the  spectrum  are  incapable  of  such  decomposition.  The  whole  sub- 
ject of  the  colors  of  objects,  both  opake  and  transparent,  is  still  in 
obscurity.  Newton's  conjectures  concerning  the  causes  of  the  colors 
of  natural  bodies,  appear  to  help  us  little ;  and  his  opinions  on  tliat 
subject  are  to  be  separated  altogether  from  the  important  step  which 
he  made  in  optical  science,  by  the  establishment  of  the  true  doctrine 
of  refractive  dispersion. 

[2nd  Ed.]  [After  a  careful  re-consideration  of  Sir  D.  Brewster's 
aaserted  analysis  of  the  solar  light  into  three  colors  by  means  of 

f  

"  This  latter  fiiot  has,  however,  been  denied  by  other  ezperimenterB. 
Vol.  IL— 6. 
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abeorbing  media,  I  cannot  conBider  that  he  has  establiflhed  his  point  ^ 
as  an  exception  to  Newton's  doctrine.    In  the  first  place,  the  analyBi    . 
of  light  into  three  colon  appears  to  be  quite  arbitrary,  granting  all  Ids  ^ 
experimental  &ctB.    I  do  not  see  why,  using  other  media,  he  might  not  ^ 
just  as  well  have  obtained  other  elementary  colors.    In  the  next  plaoe^  - 
this  cannot  be  called  an  analtfsis  in  the  same  sense  as  Newton's  aml^ 
sis,  except  the  relation  between  the  two  is  shown.    Is  it  meant  tiut 
Newton's  experiments  prove  nothing?     Or  is  Newton's  condinioB.  . 
allowed  to  be  true  of  light  which  has  not  been  analysed  by  absorptkait 
And  where  are  we  to  find  such  light,  since  the  atmosphere  abtoiliBt 
But,  I  must  add,  in  the  third  place,  that  with  a  very  sincere  adminftioB 
of  Sir  D.  Brewster's  skill  as  an  experimenter,  I  think  his  experimoil  ; 
requires,  not  only  limitation,  but  confirmation  by  other  experimentaBk  ^ 
Mr.  Airy  repeated  the  experiments  with  about  thirty  different  abtoriH  '* 
ing  substances,  and  could  not  satisfy  himself  that  in  any  case  they  ^** 
changed  the  color  of  a  ray  of  given  refractive  power.    Hiese  exptKt  '^ 
ments  were  described  by  him  at  a  meeting  of  the  Cambridge  PhilotD-  -^ 
phical  Society.]  ^ 

We  now  proceed  to  the  corrections  which  the  next  gonemtkm  intnh  ^^ 
duced  into  the  details  of  this  doctrine.  "^ 


CHAPTER  IV. 

DiSCOVXRT   OF  ACHBOMATISM. 


THE  discovery  that  the  laws  of  refractive  dispersion  bf  different  tub- 
stances  were  such  as  to  allow  of  combinations  which  noutnliied 
the  dispersion  without  neutralizing  the  refraction,  is  one  which  has 
hitherto  been  of  more  value  to  art  than  to  science.  The  property  has 
no  definite  bearing,  which  has  yet  been  satisfactorily  explained,  upon 
the  /Afory  of  light;  but  it  is  of  the  greatest  importance  in  its  applioft- 
tion  to  the  construction  of  telescopes ;  and  it  excited  the  more  notice^ 
in  consequence  of  the  prejudices  and  difficulties  which  for  a  time 
retarded  the  discovery. 
Newton  conceived  that  he  had  proved  by  experiment,^  that  li^^t 


*  Opikkt,  K  L  p.  iL  Prop^  8. 
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m  white  after  refractioii,  when  the  emei^nt  rays  are  parallel  to  the 
incident,  and  in  no  other  case.  If  this  were  so,  the  production  of 
eoloriesB  images  hy  refracting  media  would  be  impossible ;  and  snch, 
in  deference  to  Newton's  great  authority,  was  for  some  time  the 
general  persuasion.  Euler'  observed,  that  a  combination  of  lenses 
iHiieh  does  not  color  the  image  must  be  possible,  since  we  have  an 
example  of  such  a  combination  in  the  human  eye ;  and  he  investigated 
mathematically  the  conditions  requisite  for  such  a  result  Elingen- 
fltiema,*  a  Swedish  mathematician,  also  showed  that  Newton's  rule 
conkL  not  be  universally  true.  Finally,  John  Dollond,*  in  1757, 
repeated  Newton's  experiment,  and  obtained  an  opposite  result.  He 
Ibnnd  that  when  an  object  was  seen  through  two  prisms,  one  of  glass 
and  one  of  water,  of  such  angles  that  it  did  not  appear  displaced  by 
TCifiraction,  it  was  colored.  Hence  it  followed  that,  without  being 
colored,  the  rays  might  be  made  to  undergo  refraction;  and  that 
thus,  salwfatnting  lenses  for  prisms,  a  combination  might  be  formed, 
which  shoold  produce  an  image  without  coloring  it,  and  make  the 
constructbn  of  an  achromatic  telescope  possible. 

Euler  at  first  hesitated  to  confide  in  Dollond's  experiments ;  but  he 
was  assured  of  their  correctness  by  Clairaut,  who  had  throughout  paid 
great  attention  to  the  subject;  and  those  two  great  mathematicians, 
as  well  as  lyAlembert,  proceeded  to  investigate  mathematical  for- 
mul®  which  might  be  useful  in  the  application  of  the  discovery.  The 
remainder  of  the  deductions,  which  were  founded  upon  the  laws  of 
dispersion  of  various  refractive  substances,  belongs  rather  to  the  his- 
tory of  art  than  of  science.  Dollond  used  at  first,  for  his  achromatic 
objedrglass,  a  lens  of  crown-glass,  and  one  of  flint-glass.  He  after- 
wards employed  two  lenses  of  the  former  substance,  including  between 
them  one  of  the  latter,  adjusting  the  curvatures  of  his  lenses  in  such  a 
way  as  to  correct  the  imperfections  arising  from  the  spherical  form  of 
the  glasses,  as  well  as  the  fault  of  color.  Afterwatds,  Blair  used  fluid 
media  along  with  glass  lenses,  in  order  to  produce  improved  object- 
glasses.  Tliis  has  more  recently  been  done  in  another  form  by  Mr. 
Barlow.  The  inductive  laws  of  refraction  being  established,  their 
results  have  been  deduced  by  various  matheniaticians,  as  Sir  J.  Her- 
schel  and  Professor  Airy  among  ourselves,  who  have  simplified  and 
extended  the  investigation  of  the  formulse  which  determine  the  best 
combination  of  lenses  in  the  object-glasses  and  eye-glasses  of  tele- 


*  Ac  Berlin.  1747.  *  SweMdi  Thmm.  1754.  '  Phil.  TVont.  1758. 
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BCopcB,  botli   with   reference  to  splicrical  and  to   chromatic  aber- 
rations. - 

According  to  DoUond's  discovery,  the  colored  spectra  produced  by  - 
prisms  of  two  substances,  as  flint-glass  and  crown-glass,  would  be  of 
the  same  length  when  tlie  refraction  was  different.  But  a  question 
then  occurred :  When  the  whole  distance  from  the  red  to  the  violet  - 
in  one  spectrum  was  the  same  as  the  whole  distance  in  the  other,  were 
the  intermediate  colors,  yellow,  green,  &c.,  in  corresponding  places  in  c 
the  two  ?  This  point  also  could  not  be  determined  any  otherwise  ">• 
than  by  experiment.  It  appeared  that  such  a  correspondence  did  nol  i;^ 
exist ;  and,  therefore,  when  the  extreme  colors  were  corrected  by  -x 
combinations  of  the  different  media,  there  still  remained  an  nnoor  !> 
rectcd  residue  of  color  arising  from  the  rest  of  the  spectrum.  His  :?; 
defect  was  a  consequence  of  the  property,  that  the  spectra  belonging  -j 
to  different  media  were  not  divided  in  the  mme  ratio  by  the  same  -r^ 
colors,  and  was  hence  termed  the  irrationality  of  the  spectrum.  By  :>; 
using  three  prisms,  or  three  lenses,  three  colors  may  be  made  to  coin-  :  • 
cidc  instead  of  two,  and  the  effects  of  this  irrationality  greatly  ?. 
diminished.  ; 

For  the  reasons  already  mentioned,  we  do  not  pursue  this  subject  ,• 
further,*  but  turn  to  those  optical  facts  which  finally  led  to  a  great 
and  comprehensive  theory. 

[2nd  Ed.]  [Mr.  Chester  More  Hall,  of  More  Hall,  in  Essex,  is 
said  to  have  been  led  by  the  study  of  the  human  eye,  which  he  con- 
ceived to  be  achromatic,  to  construct  achromatic  telescopes  as  e^rly 
as  Ilr29.  Mr.  Hall,  however,  kept  his  invention  a  secret  David 
Gregory,  in  his  Catoptrics  (1713),  had  suggested  that  it  would  perhaps 
be  an  improvement  of  telescopes,  if,  in  imitation  of  the  human  eye, 
the  object-glass  were  composed  of  different  media.  Encyc.  Brit,  art 
Optics, 

It  is  said  that  Clairaut  first  discovered  the  irrationality  of  the 
colored  spaces  in  the  spectrum.  In  consequence  of  this  irrationality, 
it  follows  that  when  two  refracting  media  are  so  combined  as  to  cor- 
rect each  other's  extreme  dispersion,  (the  separation  of  the  red  and 
violet  rays,)  this  first  step  of  correction  still  leaves  a  residue  of  colora- 


*  The  discovery  of  ih^  fixed  lines  in  the  speotnini,  by  WoUaston  and  Fraun- 
hofer,  has  more  recently  supplied  the  means  of  determining,  with  extreme 
accuracy,  the  corresponding  portions  of  the  spectrum  in  different  refracting 
subetanoee. 
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tioD,  arising  jfrom  the  unequal  dispersion  of  the  intermediate  rays  (the 
green,  ^c).  These  ouUUmding  colors,  as  they  were  termed  by  Profes- 
sor Robison,  form  the  residual,  or  secondary  spectrum. 

Dr.  Blair,  by  very  ingenious  devices,  succeeded  in  producing  an 
object-glass,  corrected  by  a  fluid  lens,  in  which  this  aberration  of 
color  was  completely  corrected,  and  which  performed  wonderfully 
well. 

The  dispersion  produced  by  a  prism  may  be  corrected  by  another 
prism  of  the  same  substance  and  of  a  different  angle.  In  this  case 
also  there  is  an  irrationality  in  the  colored  spaces,  which  prevents  the 
correction  of  color  from  being  complete ;  and  hence,  a  new  residuary 
spectrum,  which  has  been  called  the  tertiary  spectrum,  by  Sir  David 
Brewster,  who  first  noticed  it 

I  have  omitted,  in  the  notice  of  discoveries  respecting  the  spectrum, 
many  remarkable  trains  of  experimental  research,  and  especially  the 
investigations  respecting  the  power  of  various  media  to  absorb  the  light 
of  different  parts  of  the  spectrum,  prosecuted  by  Sir  David  Brewster 
with  extraordinary  skill  and  sagacity.  The  observations  are  referred 
to  in  chapter  iii.  Sir  John  Herschel,  Prof.  Miller,  Mr.  Daniel,  Dr. 
Faraday,  and  Mr.  Talbot,  have  also  contributed  to  thil  part  of  our 
knowledge.] 


CHAPTER  V. 
Discovert  op  the  Laws  op  Double  Repbaction. 

THE  laws  of  refraction  which  we  have  hitherto  described,  were  sim- 
ple and  uniform,  and  had  a  symmetrical  reference  to  the  surfiice 
of  the  refracting  medium.  It  appeared  strange  to  men,  when  their 
attention  was  drawn  to  a  class  of  phenomena  in  which  this  symmetry 
was  wanting,  and  in  which  a  refraction  took  place  which  was  not  even 
in  the  plane  of  incidence.  The  subject  was  not  unworthy  the  notice 
and  admiration  it  attracted ;  for  the  prosecution  of  it  ended  in  the  dis- 
covery of  the  general  laws  of  light.  The  phenomena  of  which  I  now 
speak,  are  those  exhibited  by  various  kinds  of  crystalline  bodies ;  but 
observed  for  a  long  time  in  one  kind  only,  namely,  the  rhombohedral 
calo-spar ;  or,  as  it  was  usually  termed,  from  the  country  which  sup- 
plied the  largest  and  clearest  crystals,  Iceland  spar.    These  rhombo- 
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hedral  crystals  are  nsaally  very  unooth  and  transparent,  and  often  of 
considerablo  size ;  and  it  was  observed,  on  looking  through  them,  that    i 
all  objects  appeared  double.    The  phenomena,  even  as  early  as  1699, 
had  been  considered  so  curious,  that  Erasmus  Bartholin  published  a    i 
work  i^n  them  at  Copenhagen,'  (Expetimenta  CryBialli  liltmdie^   i 
Ha&io),  1669.)    He  analysed  the  phenomena  into  their  laws,  so  ihr   r; 
as  to  discover  that  one  of  the  two  images  was  produced  by  refractMa   i 
after  the  usual  rule,  and  the  other  by  an  unusual  refraction.    This  lat- 
ter refraction  Bartholin  found  to  vary  in  different  positions;  to  be    ) 
regulated  by  a  line  parallel  to  the  sides  of  the  rhombohedron ;  and  to    ; 
be  greatest  in  the  direction  of  a  line  bisecting  two  of  the  angles  of  the    >; 
rhombic  ^c  of  the  crystal.  , 

These  rules  were  exact  as  far  as  they  went ;  and  when  we  consider  . 
how  geometrically  complex  the  law  is,  which  really  regulates  the  , 
unusual  or  extraordinary  refr^iction ; — ^tbat  Newton  altogether  mistook 
it,  and  that  it  was  not  verified  till  the  experiments  of  Hatiy  and  Wd* 
laston  in  our  own  time ; — ^we  might  expect  that  it  would  not  be  soon 
or  easily  detected.  But  Huyghcns  possessed  a  key  to  the  secret,  in 
the  theory,  which,  he  had  devised,  of  the  propagation  of  light  by  ud» 
dulations,  and  which  he  conceived  with  perfect  distinctness  and  oor^ 
rectness,  so  far  as  its  application  to  these  phenomena  is  concerned. 
Hence  he  was  enabled  to  lay  down  the  law  of  the  phenomena  (the 
only  part  of  his  discovery  which  we  have  here  to  consider),  with  a 
precision  and  success  which  excited  deserved  admiration,  when  the 
subject,  at  a  much  later  period,  regained  its  due  share  of  attention. 
His  Treatise  was  written*  in  1678,  but  not  published  till  1690. 

The  laws  of  the  ordinary  and  the  extraordinary  refraction  in  Ice- 
land spar  are  related  to  each  other ;  they  are,  iu  fact,  similar  construc- 
tions, made,  in  the  one  case,  by  means  of  an  imaginary  sphere,  in  the 
other,  by  means  of  a  spheroid ;  the  spheroid  being  of  such  oblateness 
as  to  suit  the  rhombohcdral  form  of  the  crystal,  and  the  axis  of  the 
^heroid  being  the  axis  of  symmetry  of  the  crystal  Huyghena  fol- 
lowed this  general  conception  into  particular  positions  and  conditions; 
and  tlius  obtained  rules,  which  he  compared  with  obser>'ation,  for  cut- 
ting the  crystal  and  transmitting  the  rays  in  various  manners.  ^I 
have  examined  in  detail,"  says  he,'  "  the  properties  of  the  cxtraordi- 


'  Priestley*8  Op^  p.  650.  *  See  his  Traite  de  la  Lumiire,    Preface. 

*  See  Maseret'8  TracU  mi  OpHct,  p.  260;  or  Hoyghens,  TV.  iur  la  Lum.  ch.  ▼. 
Art  48. 
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tmry  refraction  of  thk  erystol,  to  see  if  each  phenomenon  which  ia 
deduced  from  theoiy,  wonld  agree  with  what  is  really  ohserved.  And 
this  being  «o^  it  is  no  dight  proof  of  the  tmth  of  onr  suppositions  and 
principles;  hot  what  I  am  going  to  add  here  confirms  them  still  more 
wonderfiiDy ;  that  is,  the  different  modes  of  cutting  this  crystal,  in 
which  the  snrfiMses  produced  giro  rise  to  refractions  exactly  such  m 
they  ought  to  be,  and  as  I  had  foreseen  them,  accordii^  to  the  pre- 
ceding theory.'* 

Statements  of  this  kind,  coming  from  a  philosopher  like  Huyghens, 
were  entitled  to  great  confidence ;  Newton,  however,  spears  not  to 
have  Botioed,  or  to  hare  disregarded  them.  In  his  Opiick$^  he  gives  a 
rule  for  the  extaraordinary  refraction  of  Iceland  spar  which  is  alto- 
gether erroneous,  without  assigning  any  reason  for  rejecting  the  law 
published  by  Huyghens ;  and,  so  frir  as  appears,  without  having  made 
any  experiments  of  his  own.  The  Huyghenian  doctrine  of  double 
refraction  fell,  along  with  his  theory  of  undulations,  into  temporary 
neglect,  of  which  we  shall  have  hereafter  to  speak.  But  in  1788, 
HaOy  showed  that  Huyghens*s  rule  agreed  much  better  than  Netrton's 
with  the  phenomena:  and  in  1802,  Wollaston,  applying  a  method 
of  his  own  for  measuring  refraction,  came  to  the  same  result  **  He 
made^**  says  Young,^  ^  a  number  of  accurate  experiments  with  an  appa- 
ratus singularly  well  calculated  to  examine  the  phenomena,  but  could 
find  no  general  principle  to  connect  them,  until  the  work  of  Huy- 
ghens was  pointed  out  to  him."  In  1808,  the  subject  ol  double  refrac- 
tion was  proposed  as  a  prize-question  by  the  French  Institute ;  and 
Mains,  whose  Memoir  obtained  the  prize,  says,  ^  I  began  by  observing 
and  measuring  a  long  series  of  phenomena  on  natural  and  artificial 
&oeB  of  Iceland  spar.  Then,  testing  by  means  of  these  observations 
the  different  laws  proposed  up  to  the  present  time  by  physical  writers, 
I  was  struck  with  the  admirable  agreement  of  the  law  of  Huyghens 
with  the  phenomena,  and  I  was  soon  convinced  that  it  is  really  the 
law  of  nature."  Pursuing  the  consequences  of  the  law,  he  found  that 
it  satisfied  phenomena  which  Huyghens  himself  had  not  observed. 
From  this  time,  then,  the  tmth  of  the  Huyghenian  law  was  universally 
allowed,  and  soon  afterwards,  the  theory  by  which  it  had  been  sug- 
gested was  generally  received. 

The  property  of  double  refraction  had  been  first  studied  only  in  Ice- 
land qpar,  in  which  it  is  very  obvious.    The  same  property  belongs, 


*  QuarL  Rev.  1809,  Nov.  p  88S. 
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though  leflB.coDspicaonsljf  to  many  other  kinds  of  crystals.  Hnj- 
ghens  had  noticed  the  same  &ct  in  rock-crystal  ;*  and  Mains  found  ift 
to  belong  to  a  large  list  of  bodies  besides ;  for  instance,  annigoiiit% 
sulphate  of  lime,  of  baryta,  of  strontia,  of  iron;  carbonate  of  lead; 
zircon,  comndum,  cymophane,  emerald,  euclase,  felspar,  mesotype^  pan- 
dote,  solphnr,  and  mellite.  Attempts  were  made,  with  imperfect  mo^ 
cess,  to  reduce  all  these  to  the  law  which  had  been  established  katlcth 
land  spar.  In  the  first  instance,  Malus  took  for  granted  that  the  eztm- 
ordinary  refraction  depended  always  upon  an  oblate  spheroid ;  but  M. 
Biot*  pointed  out  a  distinction  between  two  classes  of  crystab  h 
which  this  spheroid  was  oblong  and  oblate  respectively,  and  these  he 
called  attractive  and  repulsive  crystals.  With  this  correction,  the  law 
could  be  extended  to  a  considerable  number  of  cases ;  but  it  waa  aftev^ 
wards  proved  by  Sir  D.  Brewster's  discoveries,  that  even  in  this  form, 
it  belonged  only  to  substances  of  which  the  crystallization  has  relatioD 
to  a  single  axis  of  symmetry,  as  the  rhombohedron,  or  the  sqnaie 
pyramid.  In  other  cases,  as  the  rhombic  prism,  in  which  the  fomii 
considered  with  reference  to  its  crystalline  symmetry,  is  biaxal^  the  law 
is  much  more  complicated.  In  that  case,  the  sphere  and  the  qdiA- 
roid,  which  are  used  in  the  construction  for  uniaxal  crystals,  transform 
themselves  into  the  two  successful  convolutions  of  a  single  continiioiia 
curve  surface;  neither  of  the  two  rays  follows  the  law  of  ordinaiy 
refraction ;  and  the  formula  which  determines  their  position  is  very 
complex.  It  is,  however,  capable  of  being  tested  by  measures  of  the 
refractions  of  crystals  cut  in  a  peculiar  manner  for  the  purpose,  and 
this  was  done  by  MM.  Fresnel  and  Arago.  But  this  complex  law  <tf 
double  refraction  was  only  discovered  through  the  aid  of  the  theory  of 
a  luminiferous  ether,  and  therefore  we  must  now  return  to  the  other 
fiicts  which  led  to  such  a  theory. 


CHAPTER  VI. 
Discovery  op  the  Laws  of  Polarizatiok. 

rthe  Extraordinary  Refraction  of   Iceland  spar   had  iqppeared 
strange,  another  phenomenon  was  soon  noticed  in  the  same 


*  Traite  de  la  Lumiirej  oh.  v.  Art  2a  '  Blot,  Traite  de  PAy«.  iiL  88a 
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nbertanoe,  which  appeared  stranger  stiU,  and  which  in  the  seqnel  was 
imid  to  be  no  less  important  I  speak  of  the  facts  which  were 
afterwards  described  under  the  term  Polarization,  Huyghens  was 
the  discoverer  of  this  class  of  &cts.  At  the  end  of  the  treatise  which 
we  haYC  already  quoted,  he  says,*  "  Before  I  quit  the  subject  of  this 
eryatal,  I  will  add  one  other  marvellous  phenomenon,  which  I  have 
discovered  since  writing  the  above ;  for  Uiough  hitherto  I  have  not 
been  able  to  find  out  its  cause,  I  will  not,  on  that  account,  omit  point- 
ii^  it  out,  that  I  may  give  occasion  to  others  to  examine  it"  He 
then  states  the  phenomena;  which  are,  that  when  two  rhombohe- 
drons  of  Iceland  spar  are  in  parallel  positions,  a  ray  doubly  refracted 
by  the  first,  is  not  further  divided  when  it  falls  on  the  second :  the 
ordinarily  refracted  ray  is  ordinarily  refracted  only,  and  the  extra- 
ordinary ray  is  only  extraordinarily  refracted  by  the  second  crystal, 
tieither  lny  being  doubly  refracted.  The  same  is  still  the  case,  if  the  two 
dystals  have  their  principal  planes  parallel,  though  they  themselves 
are  not  parallel.  But  if  the  principal  plane  of  the  second  crystal  be 
perpendicular  to  that  of  the  firsts  the  reverse  of  what  has  been  described 
takes  place ;  the  ordinarily  refracted  ray  of  the  first  crystal  8u£fers, 
at  the  second,  extraordinary  refraction  only,  and  the  extraordinary  ray 
of  the  first  suffers  ordinary  refraction  only  at  the  second.  Thus,  in 
each  of  these  positions,  the  double  refraction  of  each  ray  at  the 
second  crystal  is  reduced  to  single  refraction,  though  in  a  different 
manner  in  the  two  cases.  But  in  any  other  position  of  the  crystals, 
each  ray,  produced  by  the  first,  is  doubly  refracted  by  the  second,  so 
as  to  produce  four  rays. 

A  step  in  the  right  conception  of  these  phenomena  was  made  by 
Newton,  in  the  second  edition  of  his  Optieks  {11 11).  He  represent- 
ed them  as  resulting  from  this ; — ^that  the  rays  of  light  have  "  sides,'* 
and  that  they  undergo  the  ordinary  or  extraordinary  refr^tion,  accor- 
ding as  these  sides  are  parallel  to  the  principal  plane  of  the  crystal, 
or  at  right  angles  to  it  (Query  26).  In  this  way,  it  is  clear,  that 
those  rays  which,  in  the  first  crystal,  had  been  selected  for  extraordi- 
nary refraction,  because  their  sides  were  perpendicular  to  the  principal 
plane^  would  all  suffer  extraordinary  refiraction  at  the  second  crystal 
for  the  same  reason,  if  its  principal  plane  were  parallel  to  that  of  the 
first ;  and  would  all  suffer  ordinary  refraction,  if  the  principal  plane 
of  the  second  crystal  were  perpendicular  to  that  of  the  first,  and  con- 

^Tr.0pL^26%. 
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sequently  parallel  to  the  sides  of  the  refracted  ray.  This  view  of  fht  '--^ 
subject  includes  some  of  the  leading  features  of  the  case,  Imt  ifl  ^ 
leaves  several  considerable  difficulties.  « 

No  material  advance  was  made  in  the  snlject  till  it  was  taken  ^    m 
by  MaluB,*  along  with  the  other  circumstances  of  double  reftictiM^  «n 
about  a  hundred  years  afterwards.    He  verified  what  had  been  el^  uz 
served  by  Huyghcns  and  Newton,  on  the  subject  of  the  TarialkNii  xa 
which  light  thus  exhibits ;  but  he  discovered  that  this  modificaUon,  in  lc^ 
virtue  of  which  light  undergoes  the  ordinary,  or  the  extnuxrdinaiy,  ^r; 
refraction,  according  to  the  position  of  the  plane  of  the  crystal,  mqr  i^^ 
be  impressed  upon  it  many  other  ways.     One  part  of  this  discof«fy  ^^ 
was  made  accidentally.*    In  1808,  Mains  happened  to  be  obserring    ^^ 
the  light  of  the  setting  sun,  reflected  from  the  windows  of  the  Lozem-  5, 
boui^,  through  a  rhombohedron  of  Iceland  spar ;  and  he  oYmesmi   ^ 
that  in  turning  round  the  crystal,  the  two  images  varied  in  their  ^ 
intensity.     Neither  of  the  images  completely  vanished,  because  Hie    -^ 
light  from  tlie  windows  was  not  properly  modified,  or,  to  use  the  tenn    ^ 
which  Mains  soon  adopted,  was  not  completely  polarized.    The  com-    « 
plete  polarization  of  light  by  reflection  from  glass,  or  any  other  trua*    ,j 
parent  substance,  was  found  to  take  place  at  a  certain  definite  angk, 
diflcrcnt  for  each  substance.    It  was  found  also  that  in  all  ciystah  in 
which  double  refraction  occurred,  the  separation  of  the  refracted  nys    , 
was  accompanied  by  polarization ;  the  two  rays,  the  ordinary  and  the 
extraordinary,  being  always  polarized  oppositely,  that  is,  in  planes  aft 
right  angles  to  each  other.    The  term  poles,  used  by  Mains,  eonveyed 
nearly  Uie  same  notion  as  the  term  sides  which  had  been  employed  by 
Newton,  with  the  additional  conception  of  a  property  which  appeared 
or  disappeared  according  as  the  poles  of  the  particles  were  or  were 
not  in  a  certain  direction ;  a  property  thus  resembling  the  polarity  of 
m^^ctic  bodies.    When  a  spot  of  polarized  light  is  looked  at  throogll 
a  transparent  crystal  of  Iceland  spar,  each  of  tJie  two  images  produced 
by  the  double  refraction  varies  in  brightness  as  the  crystal  is  turned 
round.     If,  for  the  sake  of  example,  we  suppose  the  crystal  to  be 
turned  round  in  the  direction  of  the  points  of  the  compass,  N,  £,  B, 
W,  and  if  one  image  be  brightest  when  the  crystal  marks  N  and  S, 
it  will  disappear  when  the  crystal  marks  E  and  W  :  and  on  the  con- 
trary, tlie  second  image  will  vanish  when  the  crystal  marks  N  and  8^ 


*  Malus.  Th,  delaDouh.  mf.  p.  296. 
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tnd  will  be  brightest  when  the  crystal  marks  £  and  W.  The  first  of 
these  images  is  polarised  in  the  plane  NS  passing  through  the  ray, 
and  the  second  in  the  plane  EW,  perpendicolar  to  the  other.  And 
these  rays  are  oppositely  polarized.  It  was  further  found  that  whether 
the  ray  were  polarised  by  reflection  from  glass,  or  from  water,  or  by 
doable  refraction,  the  modification  of  light  so  produced,  or  the  nature 
of  the  polarization,  was  identical  in  all  these  cases  \^ — that  the  altema- 
tirea  of  ordinary  and  extraordinary  refraction  and  non-refraction,  were 
the  same,  by  whatever  crystal  they  were  tested,  or  in  whatever  manner 
the  pokrization  had  been  impressed  upon  the  light;  in  short,  that  the 
property  when  once  acquired,  was  independent  of  everything  except 
the  sides  ot poles  of  the  ray ;  and  thus,  in  1811,  the  term  ^polarisa- 
tion "  was  introduced.^ 

This  being  the  state  of  the  subject,  it  became  an  obvious  question, 
by  what  other  means,  and  according  to  what  laws,  this  property  was 
communicated.  It  was  found  that  some  crystals,  instead  of  giving, 
bj  double  refraction,  two  images  oppositely  polarized,  give  a  single 
polarized  image.  This  property  was  discovered  in  the  agate  by  Sir 
D.  Brewster,  and  in  tourmiJine  by  M.  Biot  and  Dr.  Seebeck.  The 
hitter  mineral  became,  in  consequence,  a  very  convenient  part  of  the 
apparatus  used  in  such  observations.  Various  peculiarities  bearing 
i]poii  this  subject,  were  detected  by  different  experimenters.  It  was  in 
a  short  time  discovered,  that  light  might  be  polarized  by  refraction,  as 
well  as  by  refiection,  at  the  surface  of  uncrystallized  bodies,  as  glass ; 
the  plane  of  polarization  being  perpendicular  to  the  plane  of  refrac- 
tion ;  further,  that  when  a  portion  of  a  ray  of  light  was  polarized  by 
reflection,  a  corresponding  portion  was  polarized  by  transmission,  the 
planes  of  the  two  polarizations  being  at  right  angles  to  each  other.  It 
was  found  also  that  the  polarization  which  was  incomplete  with  a 
single  plate,  either  by  reflection  or  refraction,  might  be  made  more  and 
more  complete  by  increasing  the  number  of  plates. 

Among  an  accumulation  of  phenomena  like  this,  it  is  our  business 
to  inquire  what  general  laws  were  discovered.  To  make  such  dis- 
coveries without  possessing  the  general  theory  of  the  facts,  required 
no  ordinary  sagacity  and  good  fortune.  Yet  several  laws  were  detected 
at  this  stage  of  the  subject  Mains,  in  1811,  obtained  the  important 
gen^alization  that,  whenever  we  obtain,  by  any  means,  a  polarized 
ray  of  l%ht,  we  produce  also  another  ray,  polarized  in  a  contrary 
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direction ;  thus  when  reflection  gives  a  polarized  ray,  the  oompanioih  i 
ray  is  refracted  polarized  oppositely,  along  with  a  quantify  of  nnpokr-i; 
ized  light.  And  we  mnst  particularly  notice  Sir  D,  Brewsier^M  mlri 
for  the  polarizing  angle  of  different  bodies.  i 

Mains*  had  said  that  the  angle  of  reflection  from  transparent  bodiei^i; 
which  most  completely  polarizes  tiie  reflected  ray,  does  not  fbllow  07 1^ 
discoverable  role  with  regard  to  the  order  of  refractive  or  dispenrife  ^ 
powers  of  the  substances.  Yet  the  rule  was  in  reality  very  giiii|ile.i, 
In  1815,  Sir  D.  Brewster  stated*  as  the  law,  which  in  all  cases  doler  , 
mines  this  angle,  that  ^  the  index  of  refraction  is  the  tangent  of  the , 
angle  of  polarization."  It  follows  from  this,  that  the  polarization  1 
place  when  the  reflected  and  refracted  rays  are  at  right  angles  to  < 
other.  This  simple  and  elegant  role  has  been  fully  confirmed  by  all . 
subsequent  observations,  as  by  those  of  MM.  Biot  and  Seebeck ;  and  , 
must  be  considered  one  of  the  happiest  and  most  important  discoveries 
of  the  laws  of  phenomena  in  Optics. 

The  rule  for  polarization  by  one  reflection  being  thus  discoverad, 
tentative  formul»  were  proposed  by  Sir  D.  Brewster  and  M.  Biot^  for 
the  cases  in  which  several  reflections  or  refractions  take  place.  FVenel 
also  in  1817  and  1818,  traced  the  effect  of  reflection  in  modifying  tke 
dfrection  of  polarization,  which  Mains  had  done  inaccurately  in  1810. 
But  the  complexity  of  the  subject  made  all  such  attempts  extremely 
precarious,  till  the  theory  of  the  phenomena  was  understood,  a  period 
which  now  comes  under  notice.  The  laws  which  we  have  spoken  of 
were  important  materials  for  the  establishment  of  the  theory ;  but  in 
the  mean  time,  its  progress  at  first  had  been  more  forwarded  by  some 
other  classes  of  &ct6,  of  a  different  kind,  and  of  a  longer  standing 
notoriety,  to  which  we  must  now  turn  our  attention. 


CHAPTER  Vn. 
Discovert  of  the  Laws  of  the  Colours  of  Thik  Plates. 

THE  &cts  which  we  have  now  to  consider  are  remarkable,  inasmuch 
as  the  colours  are  produced  merely  by  the  smallness  of  dimensions 
of  the  t>odies  employed.    The  light  is  not  analysed  by  any  peculiar 
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property  of  the  sabstances,  but  dissected  by  the  minuteness  of  their 
ptrts.  On  this  account,  these  phenomena  give  very  important  indica- 
tions of  the  real  stmcture  of  light ;  and  at  an  early  period,  suggested 
YiewB  which  are,  in  a  great  measure,  just 

Hooke  fqppears  to  be  the  first  person  who  made  any  progress  in  disr 
cohering  the  laws  of  the  colors  of  thin  plates.  In  his  Micrographia, 
printed  by  the  Royal  Society  in  1664,  he  describes,  in  a  detailed  and 
fljBtematic  manner,  several  phenomena  of  this  kind,  which  he  calls 
^fimtastical  colors.^  He  examined  tiiem  in  Mu9covy  gUus  or  mica, 
a  transparent  mineral  which  is  capable  of  being  split  into  tiie  exceed- 
ingly thin  fihns  which  are  requisite  for  such  colors ;  he  noticed  them 
dao  in  the  fissures  of  the  same  substance,  in  bubbles  blown  of  water, 
roan,  gum,  glass ;  in  the  films  on  the  surfeu^  of  tempered  steel ;  be- 
tween two  plane  pieces  of  glass ;  and  in  other  cases.  He  perceived 
abo,*  that  the  production  of  each  color  required  a  plate  of  determi- 
nate thickness,  and  he  employed  this  circumstance  as  one  of  the 
gimmdfl  of  his  theory  of  light 

Newton  took  up  the  subject  where  Hooke  had  left  it ;  and  followed  it 
out  with  his  accustomed  skill  and  clearness,  in  his  Discourse  on  Light 
mnd  ColarSy  conmmnicated  to  the  Royal  Society  in  1675.  Ho  deter^ 
aimed,  what  Hooke  had  not  ascertained,  the  thickness  of  the  film 
^Hiich  was  requisite  for  the  production  of  each  color ;  and  in  this 
way  explained,  in  a  complete  and  admirable  manner,  the  colored 
rii^  which  occur  when  two  lenses  are  pressed  together,  and  the  scale 
af  color  which  the  rings  follow ;  a  step  of  the  more  consequence,  as 
the  same  scale  occurs  in  many  other  optical  phenomena. 

It  is  not  our  business  here  to  state  the  hypothesis  with  regard  to  the 
properties  of  light  which  Newton  founded  on  these  facts ; — the  "  fits  of 
easy  transmission  and  reflection."  We  shall  see  hereafter  that  his 
attempted  induction  was  imperfect ;  and  his  endeavor  to  account,  by 
means  of  the  laws  of  thin  plates,  for  the  colors  of  natural  bodies,  is  alto- 
gether unsatisfactory.  But  notwithstanding  these  failures  in  the  specu- 
Utions  on  this  subject,  he  did  make  in  it  some  very  important  steps ; 
for  he  clearly- ascertained  that  when  the  thickness  of  the  plate  was 
about  l-lYSOOOth  of  an  inch,  or  three  times,  five  times,  seven  times 
tiiat  magnitude,  there  was  a  bright  color  produced;  but  blackness, 
when  the  thickness  was  exactly  intermediate  between  those  magni- 
tudes.   He  found,  also,  that  the  thicknesses  which  gave  red  and  vio- 
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let*  were  as  fourteen  to  nine ;  and  the  intermediate  coLon  of 
corresponded  to  intermediate  thicknesses,  and  therefore,  in  his  appow*  ^ 
tos,  consisting  of  two  lenses  pressed  together,  appeared  as  rings  ef  t « 
intermediate  sizes.  His  mode  of  confirming  the  rule,  by  throwiflg  ^ 
upon  this  apparatus  differently  colored  homogeneous  li|^t,  ia  sttfldng  * 
and  elegant  "^  It  was  very  pleasant,"  he  says,  ^  to  see  the  rh^  fgat :  jb 
dually  swell  and  contract  as  the  color  of  the  light  was  changed."  rn 

It  is  not  necessary  to  enter  further  into  the  detail  of  these  phemi-  i^ 
mena,  or  to  notice  the  rings  seen  by  transmission,  and  other  cmtaaB-  ki 
stances.  The  important  step  made  by  Newton  in  this  matter  wwy Hn  .^ 
showing  that  the  rays  of  light,  in  these  experiments,  is  they 
onwards  go  periodically  through  certain  cycles  of  modification^  < 
period  occup3ring  nearly  the  small  fraction  of  an  inch  mentioned 
above ;  and  this  interval  being  different  for  different  colors.  Ahkoai^ 
Newton  did  not  correctly  disentangle  the  conditions  under  wbieli  tidi 
periodical  character  is  manifestly  disclosed,  the  discovery  that,  under 
some  circumstances,  such  a  periodical  character  does  exist,  was  likely 
to  influence,  and  did  influence,  materially  and  beneficially,  the  subse- 
quent progress  of  Optics  towards  a  connected  theory. 

We  must  now  trace  this  progress;  but  before  we  proceed  to  this 
task,  we  will  briefly  notice  a  number  of  optical  phenomena  which  had 
been  collected^  and  which  waited  for  the  touch  of  sound  theory  to 
introduce  among  them  that  rule  and  order  which  mere  observation 
had  sought  for  in  vain. 


CHAPTER  Vm. 
Attsmpts  to  disoovxr  ths  Laws  of  other  Phshohsna. 

THE  phenomena  which  result  from  optical  combinations,  even  of  a 
comparatively  simple  nature,  are  extremely  complex.  The  theory 
which  is  now  known  accounts  for  these  results  yrith  the  most  curiooa 
exactness,  and  points  out  the  laws  which  pervade  the  apparent  confa- 
sion;  but  without  this  key  to  the  appearances,  it  was  scarcely  possible 
that  any  rule  or  order  should  be  detected.    The  undertaking  was  of 
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tke  same  kind  as  it  would  have  been,  to  discover  all  the  inequalities  of 
dM  moon's  motion  without  the  aid  of  the  doctrine  of  gravity.  We 
vin  ^mmerale  some  of  the  phenomena  which  thus  employed  and 
poiplexed  the  cultivators  of  optics. 

The  fringes  of  shadows  were  one  of  the  most  curious  and  noted  of 
tosii  clMses  of  facts.  These  were  first  remarked  by  Grimaldi'  (1665), 
and  Teferred  by  him  to  a  property  of  light  which  he  called  Diffraction, 
Wken  shadows  are  made  in  a  dark  room,  by  light  admitted  through  a 
wmj  small  hole,  these  i^pearances  are  very  conspicuous  and  beautiful. 
Kooke,  in  1672,  communicated  similar  observations  to  the  Royal 
Saeiety,  aa  **  a  new  property  of  light  not  mentioned  by  any  optical 
writer  before  f '  by  which  we  see  that  he  had  not  heard  of  Grimaldi'f^ 
eiperiments.  Newton,  in  his  OptickSj  treats  of  the  same  phenomena, 
which  he  ascribes  to  the  inflexion  of  the  rays  of  light  He  asks  (Qu. 
zy,  *^  Are  not  the  rays  of  light,  in  passing  by  the  edges  and  sides  of 
bodies^  bent  several  times  backward  and  forward  with  a  motion  like 
that  of  an  eel  ?  And  do  not  the  three  fringes  of  colored  light  in  sha- 
dows arise  from  three  such  bendings  f  It  is  remarkable  that  Newton 
ahonld  not  have  noticed,  that  it  is  impossible,  in  this  way,  to  account 
fcr  the  facts,  or  even  to  express  their  laws ;  since  the  light  which  pro- 
duoes  th^  fringes  must,  on  this  theory,  be  propagated,  even  after  it 
bares  the  neighborhood  of  the  opake  body,  in  curves,  and  not  in  straight 
Hues.  Accordingly,  all  who  have  taken  up  Newton's  notion  of  inflex- 
ion, have  inevitably  failed  in  giving  anything  like  an  intelligible  and 
c<Aerent  character  to  these  phenomena.  This  is,  for  example,  the  c£vse 
with  Mr.  (now  Lord)  Brougham's  attempts  in  the  Philosophical  Trans- 
actions  for  1796.  The  same  may  be  said  of  other  experimenters,  as 
Mairan*  and  Du  Four,*  who  attempted  to  explain  the  fects  by  supposing 
an  atmosphere  about  the  opake  body.  Several  authors,  as  Maraldi,^ 
and  Comparetti,*  repeated  or  varied  these  experiments  in  different 
ways. 

Newton  had  noticed  certain  rings  of  color  produced  by  a  glass  specu- 
bm,  which  he  called  ^colors  of  thick  plates,"  and  which  he  attempted 
to  connect  with  the  colors  of  thin  plates.  His  reasoning  is  by  no 
means  satis&ctory ;  but  it  was  of  use,  by  pointing  out  this  as  a  case  in 
which  his  ^  fits  "  (the  small  periods,  or  cycles  in  the  rays  of  light,  of 


*  Phydeo-Mathetis,  de  Lumine^  Cclorihus  H  Tride,    Bologna,  1665. 
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in  such  cases ;  and  thus  explained,  so  fiiur  as  an  empirical  law  of  pht-  fi.s 
nomena  went^  the  curious  and  various  fbnns  of  the  colored  cuiim,  m 
This  law,  when  simplified  by  M.  Biot,*  made  the  tint  proportioiial  to  1:3 
the  product  of  the  distances  of  the  point  from  the  two  poles;  Ii  Ik  ^^t 
following  year,  Sir  J.  Herschel  confirmed  this  law  by  showings  fton  :«,. 
actual  measurement,  that  the  curve  of  the  isochromatic  lines  in  tliSK  ..„ 
cases  was  the  curve  termed  the  lemnUcatOy  which  has,  for  each  pomli  ..t, 
the  product  of  the  distances  from  two  fixed  poles  equal  to  a  conft 
quantity/  He  also  reduced  to  rule  some  other  apparent  anomaliei  in  ^ 
phenomena  of  the  same  class. 

M.  Biot,  too,  gave  a  rule  for  the  directions  of  the  planet  of  pckbriah  ,•' 
tion  of  the  two  rays  produced  by  double  refraction  in  biazal  cxyitelai  ^ 
a  circumstance  which  has  a  close  bearing  upon  the  phenomena  cf 
dipolarization.    His  rule  was,  that  the  one  plane  of  polarisation  biaeeli 
the  dihedral  angle  formed  by  the  two  planes  which  pass  throng  the  ]^ 
optic  axes,  and  that  the  other  is  perpendicular  to  such  a  plane.    WheB| 
however,  Fresnel  had  discovered  from  the  theory  the  tme  lawa  cf   ■ 
double  refraction,  it  appeared  that  the  above  rule  is  inaccurate,  although 
in  a  degree  which  observation  could  hardly  detect  without  the  aid  of 
theory.*  ^ 

There  were  stiU  other  classes  of  optical  phenomena  which  attraeted    ' 
notice ;  especially  those  which  are  exhibited  by  plates  of  quarti  out   ^ 
perpendicular  to  the  axis.    M.  Arago  had  observed,  in  1811,  that  Ihb   ^ 
substance  produced  a  twist  of  the  plane  of  polarization  to  the  right  or    ^ 
left  hand,  the  amount  of  this  twist  being  dificrent  for  different  colon;    | 
a  result  which  was  afterwards  traced  to  a  modification  of  light  difEar-    ' 
ent  both  from  common  and  from  polarized  light,  and  Bubseqaenyj    ^ 
known  as  circular  polarization.    Sir  J.  Herschel  had  the  good  fortune 
and  sagacity  to  discover  that  this  peculiar  kind  of  polariiatioii  iB 
quartz  was  connected  with  an  equally  peculiar  modification  of  cryital- 
lization,  the  plagihedral  fiu^es  which  are  seen,  on  some  ciystak, 
obliquely  disposed,  and,  as  it  were,  following  each  other  round  the 
crystal  from  left  to  right)  or  from  right  to  left;.    Sir  J.  Herschel  foond 
that  the  right-handed  or  left-handed  character  of  the  circular  polariia- 
tion  corresponded,  in  all  cases,  to  that  of  the  crystal. 

In  1815,  M.  Biot,  in  his  researches  on  the  subject  of  circular  polaxi- 
lation,  was  led  to  the  unexpected  and  curious  discovery,  that  this  pro* 
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substance  of  fruits,  which  had  been  supposed  to  be  gum,  and  whi 
changed  into  sugar  by  the  operation  of  acids,  is  not  gum,  and  ] 
very  energetic  right-handed  effect  This  substance  M.  Biot  c 
dextrine^  and  he  has  since  traced  its  effects  into  many  highly  cu 
and  important  results. 


PHYSICAL    OPTICS. 


CHAPTER  X. 
Pbbluds  to  ths  Epoch  of  Young  akd  Frbbkxl. 

BY  Phyncal  Optics  we  mean,  as  has  already  been  stated,  the  theo- 
ries which  explain  optical  phenomena  on  mechanical  principles. 
No  sach  explanation  could  be  given  till  true  mechanical  principles  had 
been  obtained ;  and,  accordingly,  we  most  date  the  conmiencement  of 
the  essays  towards  physical  optics  from  Descartes,  the  founder  of  the 
modem  mechanical  philosophy.  His  hypothesis  concerning  light  is, 
that  it  consists  of  small  particles  emitted  by  the  luminous  body.  He 
compares  these  particles  to  balls,  and  endeavors  to  explain,  by  means 
of  this  comparison,  the  laws  of  reflection  and  refraction.*  In  order  to 
account  for  the  production  of  colors  by  refraction,  he  ascribes  to  these 
balls  an  alternating  rotatory  motion.*  This  form  of  the  emission 
theory f  was,  like  most  of  the  physical  speculations  of  its  author,  hasty 
and  gratuitous ;  but  was  extensively  accepted,  like  the  rest  of  the  Car- 
tesian doctrines,  in  consequence  of  the  love  which  men  have  for  sweep- 
ing and  simple  dogmas,  and  deductive  reasonings  from  them.  In  a 
short  time,  however,  the  rival  optical  theory  of  undulations  made  its 
appearance.  Hooke  in  his  Microyraphia  (1664)  propounds  it,  upon 
occasion  of  his  observations,  already  noticed,  (chap,  viii.,)  on  the  colors 
of  thin  plates.  He  there  asserts'  light  to  consist  in  a  ^^  quick,  short, 
vibrating  motion,"  and  that  it  is  propagated  in  a  homogeneous  medium, 
in  such  a  way  that  "'  every  pulse  or  vibration  of  the  luminous  body  will 
generate  a  sphere,  which  will  continually  increase  and  grow  bigger, 
just  after  the  same  manner  (though  indefinitely  swifter)  as  the  waves 
or  rings  on  the  surface  of  water  do  swell  into  bigger  and  bigger  circles 
about  a  point  in  it.'^*    He  applies  this  to  the  explanation  of  refraction, 


*  DiopL  e.  il  4.  *  Meteor,  c  viii  6.  '  Micrographia,  p.  66. 
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by  supposing  that  the  rays  in  a  denser  medium  move  more  easily,  and 
hence  that  the  pulses  become  oblique ;  a  &r  less  satisfiu^tory  and  OOB- 
sistent  hypothesis  than  that  of  Huyghens,  of  which  we  shall  nextlum 
to  speak.  But  Hooko  has  the  merit  of  having  also  combined  with  hit 
theory,  though  somewhat  obscurely,  the  PiincipU  of  Inierfereneei^  in 
the  application  which  ho  makes  of  it  to  the  colors  of  thin  platML 
Tlius*  he  supposes  the  light  to  be  reflected  at  the  first  surfiice  of  Micli 
plates ;  and  he  adds,  ''  after  two  refractions  and  one  reflection  (from 
the  second  surface)  there  is  propagated  a  kind  of  fainter  ray,"  which 
comes  behind  the  other  reflected  pulse ;  '^  so  that  hereby  (the  saifteei 
AB  and  EF  being  so  near  together  that  the  eye  cannot  discriminate 
them  from  one),  this  compound  or  duplicated  pulse  does  produce  <m 
the  retina  the  sensation  of  a  yellow."  The  reason  for  the  prodnctkn 
of  this  particular  color,  in  the  case  of  which  he  here  speaks,  depends 
on  his  views  concerning  the  kind  of  pulses  appropriate  to  each  odior; 
and,  for  the  same  reason,  when  the  thickness  is  different,  he  finds  thai 
the  result  will  be  a  red  or  a  green.  This  is  a  very  remarkable  antioi^ 
pation  of  the  explanation  ultimately  given  of  these  colors ;  and  we  msy 
observe  that  if  Hooke  could  have  measured  the  thickness  of  his  thin 
plates,  he  could  hardly  have  avoided  making  considerable  progress  in 
the  doctrine  of  interferences. 

But  the  person  who  is  generally,  and  with  justice,  looked  upon  as 
the  great  author  of  the  undulatory  theor}-,  at  the  period  now  under 
notice,  is  Iluyghens,  whose  Traits  de  la  Lumiere,  containing  a  dere- 
lopement  of  his  theory,  was  written  in  1678,  though  not  published  tiD 
1690.  In  this  work  he  maintained,  as  Hooke  had  done,  that  light 
consists  in  undulations,  and  expands  itself  spherically,  nearly  in  the 
same  manner  as  sound  does ;  and  he  referred  to  the  observations  of 
Romer  on  Jupiter's  satellites,  both  to  prove  that  this  difference  takes 
place  successively,  and  to  show  its  exceeding  swiftness.  In  order  to 
trace  the  effect  of  an  undulation,  Iluyghens  considers  that  every  point 
of  a  wave  diffuses  its  motion  in  all  directions ;  and  hence  he  draws 
the  conclusion,  so  long  looked  upon  as  the  turning-point  of  the  com- 
bat between  the  rival  theories,  that  the  light  will  not  be  diffuted 
beyond  the  rectilinear  space,  when  it  passes  through  an  apertoie; 
"  for,"  says  he,* "  although  the  partial  waves,  produced  by  the  particles 
comprised  in  the  aperture,  do  diffuse  themselves  beyond  the  rectilinear 
space,  these  waves  do  not  concur  anywhere  except  in  front  of  the 
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i^^ertore."  He  rightly  considers  this  observation  as  of  the;  most  essen- 
tial value.  ^This,"  he  says,  ^  was  not  known  by  those  who  began  to 
consider  the  waves  of  light,  among  whom  are  Mr.  Hooke  in  his  Micro- 
fraphy^  and  Father  Pardies ;  who,  in  a  treatise  of  which  he  showed 
me  a  part,  and  which  he  did  not  live  to  finish,  had  undertaken  to  prove, 
by  these  waves,  the  effects  of  reflection  and  refraction.  But  the  prin- 
cipal foundation,  which  consists  in  the  remark  I  have  just  made,  was 
wanting  in  his  demonstrations." 

By  the  help  of  this  view,  Huyghens  gave  a  perfectly  satis&ctory 
and  oorrect  explanation  of  the  laws  of  reflection  and  refraction ;  and 
he  also  applied  the  same  theory,  as  we  have  seen,  to  the  double  refrac- 
tion of  Iceland  spar  with  great  sagacity  and  success.  He  conceived 
that  in  this  crystal,  besides  the  spherical  waves,  there  might  be  others 
of  a  spheroidal  form,  the  axis  of  the  spheroid  being  symmetrically  dis- 
poced  with  regard  to  the  &ces  of  the  rhombohcdron,  for  to  these  fisu^s 
the  optical  phenomena  are  synunetrically  related.  He  found'  that  the 
poflStion  of  the  refracted  ray,  determined  by  such  spheroidal  undula- 
tiooa,  would  give  an  oblique  refraction,  which  would  coincide  in  its 
Isws  with  the  refraction  observed  in  Iceland  spar :  and,  as  we  have 
stated,  this  coincidence  was  long  after  frdly  confirmed  by  other 
observers. 

Since  Huyghens,  at  this  early  period,  expounded  the  undulatory 
theory  with  so  much  distinctness,  and  applied  it  with  so  much  skill,  it 
may  be  asked  why  we  do  not  hold  him  up  as  the  great  Author  of  the 
induction  of  undulations  of  light ; — ^the  person  who  marks  the  epoch 
of  the  theory  ?  To  this  wo  reply,  that  though  Huyghens  discovered 
sbong  presumptions  in  frivor  of  the  undulatory  theory,  it  was  not 
€itablished  till  a  later  era,  when  the  fringes  of  shadows,  rightly  under- 
stood, made  the  waves  visible,  and  when  the  hypothesis  which  had 
been  assumed  to  account  for  double  refraction,  was  found  to  contain 
dso  an  explanation  of  polarization.  It  is  then  that  this  theory  of  light 
aHomes  its  commanding  form ;  and  the  persons  who  gave  it  this  form, 
we  must  make  the  great  names  of  our  narrative ;  without,  however, 
denying  the  genius  and  merit  of  Huyghens,  who  is,  undoubtedly,  the 
leading  character  in  the  prelude  to  the  discovery. 

The  undulatory  theory,  from  this  time  to  our  own,  was  unfortunate 
in  its  career.  It  was  by  no  means  destitute  of  defenders,  but  these  were 
not  experimenters ;   and  none  of  them  thought  of  applying  it  to 


^DrwUanOpiia^W. 
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Grimaldi^B  experimont«  on  fringes,  of  which  we  have  spoken  a  little  .  i 
while  ago.  And  the  great  authority  of  the  period,  Newton,  adopted  l 
the  opposite  hypothesis,  that  of  emission,  and  gave  it  a  cnzieiicjr  :  r 
among  his  followers  which  kept  down  the  sounder  theory  for  aboYe  a  :^ 
century. 

Newton^s  first  disposition  appears  to  have  been  by  no  means  avene 
to  the  assumption  of  an  ether  as  the  vehicle  of  luminiferous  undnlflr    ^ 
tions.    When  Hooke  brought  against  his  prismatic  analysis  of  hfj^  ^ 
some  objections,  founded  on  his  own  hypothetical  notions,  Newton,  in    . 
his  reply,  said,'  ^  The  hypothesis  has  a  much  greater  affinity  with  hit    ;, 
own  hypothesis  than  ho  seems  to  be  aware  of;  the  vibrations  id  the    , 
ether  being  as  useful  and  necessary  in  this  as  in  his.*^    This  was  in    - 
1672 ;  and  we  might  produce,  from  Newton's  writing,  passages  of  the 
same  kind,  of  a  much  later  date.    Indeed  it  would  seem  that^  to  the    . 
last,  Newton  considered  the  assumption  of  an  ether  as  highly  probaUe^ 
and  its  vibrations  important  parts  of  the  phenomena  of  light ;  but  he    . 
also  introduced  into  his  system  the  h3rpothesis  of  emission,  and  haviag 
followed  this  hypothesis  into  mathematical  detail,  while  he  has  left  all    , 
that  concerns  the  ether  in  the  form  of  queries  and  conjecturea,  the 
emission  theory  has  naturally  been  treated  as  the  leading  part  of  hie 
optical  doctrines. 

The  principal  propositions  of  the  Frincipia  which  bear  upon  the 
.question  of  optical  theory  are  those  of  the  fourteenth  Section  of  the 
first  Book,*  in  which  the  law  of  the  sines  in  refraction  is  proved  on  the 
hypothesis  that  tlie  particles  of  bodies  act  on  light  only  at  very  small 
distances ;  and  the  proposition  of  the  eighth  Section  of  the  second 
Book ;"  in  which  it  is  pretended  to  be  demonstrated  that  the  motion 
propagated  in  a  fluid  must  diverge  when  it  has  passed  through  an 
aperture.  The  former  proposition  shows  that  the  law  of  refractioii, 
an  optical  truth  which  mainly  affected  the  choice  of  a  theory,  (fw 
about  reflection  there  is  no  difficulty  on  any  mechanical  hypothetdsi) 
follows  from  the  theory  of  emission :  the  latter  proposition  was  intended 
to  prove  the  inadmissibility  of  the  rival  hypothesis,  that  of  undulations. 
As  to  the  former  point, — ^the  hypothetical  explanation  of  refraction,  on 
the  assumptions  there  made, — the  conclusion  is  quite  satis&ctory ;  bat 
the  reasoning  in  the  latter  case,  (respecting  the  propagation  of  undula- 
tions,) is  certainly  inconclusive  and  vague ;  and  something  better  might 
the  more  reasonably  have  been  expected,  since  Huyghens  had  at  least 


■  Phil.  Tram,  vil  6087.       'PriiMtpM,  Prop.  94,  et  $eq,       "  lb.  Prop.  41 
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ndeavored  to  prove  the  opposite  proposition.  But  supposing  we  leave 
dieae  properties,  the  rectilinear  course,  the  reflection,  and  the  refraction 
rf  light,  as  problems  in  which  neither  theory  has  a  decided  advantage, 
irhat  is  the  next  material  point  ?  The  colors  of  thin  plates.  Now, 
liow  does  Newton's  theory  explain  these  ?  By  a  new  and  special  sup- 
podtion ; — that  of  fiU  of  east/  transmission  and  reflection :  a  supposi- 
ta<»  which,  though  it  truly  expresses  these  &cts,  is  not  borne  out  by 
my  other  phenomena.  But,  passing  over  this,  when  wo  come  to  the 
peenliar  laws  of  polarization  in  Iceland  spar,  how  does  Newton's  meet 
diis  f  Again  by  a  special  and  new  supposition ; — ^that  the  rays  of  light 
tiave  tides.  Thus  we  find  no  fresh  evidence  in  frivor  of  the  emission 
bypothesb  springing  out  of  the  fresh  demands  made  upon  it  It  may 
1)6  urged,  in  reply,  that  the  same  is  true  of  the  undulatory  theory ; 
and  it  most  be  allowed  that,  at  the  time  of  which  we  now  speak,  its 
mperioiify  in  this  respect  was  not  manifested ;  though  Ilooke,  as  we 
bave^een,  had  caught  a  glimpse  of  the  explanation,  which  this  tiieory 
sopf^es,  of  the  colors  of  thin  plates. 

At  a  later  period,  Newton  certainly  seems  to  have  been  strongly 
iiainclined  to  believe  light  to  consist  in  undulations  merely.  ^  Are 
not,"  he  says,  in  Question  twenty-eight  of  the  OptickSy  ^alL  hypo- 
theaea  erroneous,  in  which  light  is  supposed  to  consist  in  prcssion  or 
motion  propagated  through  a  fluid  medium  r  The  arguments  which 
moat  weighed  with  him  to  produce  this  conviction,  appear  to  have 
been  the  one  already  mentioned, — that,  on  the  undulatory  hypothesis, 
andnlations  passing  through  an  aperture  would  be  diffused ;  and  again, 
--4ki8  conviction,  that  the  properties  of  light,  developed  in  various 
optical  phenomena,  ^  depend  not  upon  new  modifications,  but  upon 
die  original  and  unchangeable  properties  of  the  rays.''  (Question 
hrenlyHBeven.) 

Bert  yet,  even  in  this  state  of  his  views,  he  was  very  far  from  aban- 
doning the  machinery  of  vibrations  altogether.  He  is  disposed  to  use 
radb  machinery  to  produce  his  ^  fits  of  easy  transmiesion."  In  his 
aeirenteenth  Query,  he  says,"  ^  when  a  ray  of  light  falls  upon  the  sur- 
\  of  any  pellucid  body,  and  is  there  refracted  or  reflected ;  may  not 
\  of  vibrations  or  tremors  be  thereby  excited  in  the  refracting  or 
reflecting  medium  at  the  point  of  incidence  ?  •  •  •  .  and  do  not  these 
nimitions  overtake  the  rays  of  light,  and  by  overtaking  them  succes- 
iiTely»  do  they  not  put  them  into  the  fits  of  easy  reflection  and  easy 
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transmission  described  above  ?"    Several  of  thd  other  qaeriea 
the  same  persuasion,  of  the  necessily  for  the  assomption  of  an 
and  its  vibrations.    And  it  might  have  been  asked,  whether  any  | 
reason  could  be  given  for  the  hypothesis  of  an  ether  as  tkpari  of  !&• . 
mechanism  of  light,  which  would  not  be  equally  valid  in  &vor  ctHah . 
being  the  whole  of  the  mechanism,  especially  if  it  could  be  shown  Ail 
nothing  more  was  wanted  to  produce  the  results. 

The  emission  theory  was,  however,  embraced  in  the  most  strenooni 
manner  by  the  disciples  of  Newton.  That  propositions  existed  in  Hm 
Principia  which  proceeded  on  this  hypothesis,  was,  with  many  of 
these  persons,  ground  enough  for  adopting  the  doctrine ;  and  it  hai 
also  the  advantage  of  being  more  ready  of  conception,  for  though  tha 
propagation  of  a  wave  is  not  very  difficult  to  conceive,  at  least  by  ft 
mathematician,  the  motion  of  a  particle  is  still  easier. 

On  the  other  hand,  the  undulation  theory  was  maintained  by  no  kn 
a  person  than  Euler ;  and  the  war  between  the  two  opinions  was  on^ 
ried  on  with  great  earnestness.  The  arguments  on  one  side  and  tm 
the  other  soon  became  trite  and  familiar,  for  no  person  explained  any 
new  class  of  &cts  by  either  theory.  Thus  it  was  urged  by  Bnkr 
against  the  system  of  emission,^' — ^that  the  peipetual  emanation  of 
light  from  the  sun  must  have  diminished  the  mass ; — ^that  the  stream 
of  matter  thus  constantly  flowing  must  affect  the  motions  of  tiki 
planets  and  comets ;  that  the  rays  must  disturb  each  other ; — that  tiki 
passage  of  light  through  transparent  bodies  is,  on  this  system,  inooi^ 
ceivable  :  all  such  arguments  were  answered  by  representationa  of  the 
exceeding  minuteness  and  velocity  of  the  matter  of  light.  On  tha 
other  hand,  there  was  urged  against  the  theory  of  waves,  the  fiivorita 
Newtonian  argument,  that  on  this  theory  the  light  passing  through  an 
aperture  ought  to  be  diffused,  as  sound  is.  It  is  curious  that  Eukr 
does  not  make  to  this  argument  the  reply  which  Huyghens  had  made 
before.  The  fact  really  was,  that  he  was  not  aware  of  the  true  groond 
of  the  difference  of  the  result  in  the  cases  of  sound  and  light ;  namdy, 
that  any  ordinary  aperture  bears  an  immense  ratio  to  the  length  of  an 
undulation  of  light,  but  does  not  bear  a  very  great  ratio  to  the  length 
of  an  undulation  of  sound.  The  demonstrable  consequence  of  this 
difference  is,  that  light  darts  through  such  an  orifice  in  straight  raysi 
while  sound  is  difiused  in  all  directions.  Euler,  not  perceiving  this 
difference,  rested  his  answer  mainly  upon  a  circumstance  by  no  means 
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CHAPTER  XL 
Epoch  of  Young  akd  Fbisnsu 


Sect.  I. — Introduction. 

THE  man  whose  name  mnst  occupy  the  most  distingniahed  place  in 
the  history  of  Physical  Optics,  in  consequence  of  what  he  did  in 
reviving  and  establishing  the  undulatory  theory  of  lights  is  Dr.  Homn 
Young.  He  was  bom  in  1773,  at  Milverton  in  Somersetahite^  of 
Quaker  parents ;  and  after  distinguishing  himself  during  youth  by  tbe 
variety  and  accuracy  of  his  attainments,  he  settled  in  London  as  a  phy- 
sician in  1801 ;  but  continued  to  give  much  of  his  attention  to  genenl 
science.  His  optical  theory,  for  a  long  time,  made  few  proaelytfli; 
and  several  years  afterwards,  Auguste  Fresnel,  an  eminent  Frencih 
mathematician,  an  engineer  officer,  took  up  similar  views,  proved  their 
truth,  and  traced  their  consequences,  by  a  scries  of  labors  almost  inde- 
pendent of  those  of  Dr.  Young.  It  was  not  till  the  theory  was  thiki 
re-echoed  from  another  land,  that  it  was  able  to  take  any  strong  hold 
on  the  attention  of  the  countrymen  of  its  earlier  promulgator. 

The  theory  of  undulations,  like  that  of  universal  gravitation,  may 
be  divided  into  several  successive  steps  of  generalization.  In  bofli 
cases,  all  these  steps  were  made  by  the  same  persons ;  but  there  is  ihii 
difference; — all  the  parts  of  the  law  of  universal  gravitation  wen 
worked  out  in  one  burst  of  inspiration  by  its  author,  and  published  at 
one  time ; — ^in  the  doctrine  of  light,  on  the  other  hand,  the  different 
steps  of  the  advance  were  made  and  published  at  separate  time%  iriA, 
intervals  between.  We  see  the  theory  in  a  narrower  form,  and  in 
detached  portions,  before  the  widest  generalizations  and  principles  of 
unity  are  reached ;  we  see  the  authors  struggling  with  the  diflScnlties 
before  we  see  them  successful.  They  appear  to  us  as  men  like  oox^ 
selves,  liable  to  perplexity  and  failure,  instead  of  coming  before  us,  as 
Newton  does  in  the  history  of  Physical  Astronomy,  as  the  irresistible 
and  ahnofit  supernatural  hero  of  a  philosophical  romance. 
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micrometeiBy  in  which  inftniment  linos  were  drawn  on  glass  at  a  dit-  ' 
tance  of  l-500th  ci  an  inch.  The  interference  of  the  nndolationi  ct  - 
the  rays  reflected  from  the  two  sides  of  these  fine  lines,  produced  peri-  i 
odical  colors.  In  the  same  manner,  he  accounts  for  the  colors  oftkiB  i 
plates,  by  the  interference  of  the  light  partially  reflected  from  the  two  * 
snrfiices  of  the  plates.  We  have  already  seen  that  Hooke  had  long 
before  suggested  the  same  explanation ;  and  Toung  says  at  the  end  of 
his  paper,  ^  It  was  not  till  I  had  satisfied  myself  respecting  all  these 
phenomena,  that  I  found  in  Uooke's  Mierographia  a  passage  whkh 
might  have  led  me  earlier  to  a  similar  opinion.^  He  also  quotes  from 
Newton  many  passages  which  assume  the  existence  of  an  ether ;  of 
which,  as  wc  have  already  seen,  Newton  suggests  the  necessity  infhew 
very  phenomena,  though  ho  would  apply  it  in  combination  with  the 
enussion  of  material  light  In  July,  1802,  Toung  exphiined,  on  the 
same  principle,  some  facts  in  indistinct  vision,  and  other  similar  appear- 
ances. And  in  1803,^  he  speaks  more  positively  still.  ^In  mating** 
he  says,  ^  somo  experiments  on  the  fringes  of  colors  accompanying 
shadows,  I  have  found  so  simple  and  so  demonstrative  a  proof  of  the 
general  law  of  interference  of  two  portions  of  light,  which  I  have 
already  endeavored  to  establish,  that  I  think  it  right  to  lay  before  the 
Royal  Society  a  short  statement  of  the  &cts  which  appear  to  me  to  be 
thus  decisive.''  The  two  papers  just  mentioned  certainly  ou^t  to 
have  convinced  all  scientific  men  of  the  truth  of  the  doctrine  thus 
urged;  for  the  number  and  exactness  of  the  explanations  is  veij 
remarkable.  They  include  the  colored  fringes  which  are  seen  with  Hub 
shadows  of  fibres ;  the  colors  produced  by  a  dew  between  two  pieoei 
of  glass,  which,  according  to  the  theory,  should  appear  when  the  thick- 
ness of  the  plate  is  six  times  that  of  thin  plates,  and  which  do  so ;  tha 
changes  resulting  from  the  employment  of  other  fluids  than  water ; 
the  ^ect  of  inclining  the  plates ;  also  the  fringes  and  bands  which 
accompany  shadows,  the  phenomena  obsorved  by  Grimaldi,  Newton, 
Manldi,  and  others,  and  hitherto  never  at  all  reduced  to  rule.  Young 
observes,  very  justly,  "whatever  may  be  thought  of  the  theory,  we 
have  got  a  simple  and  general  law  "  of  the  phenomena.  Ue  moreover 
calculated  the  length  of  an  undulation  from  the  measurements  of 
fringes  of  shadows,  as  he  had  done  before  from  the  colors  of  thia 
plates ;  and  found  a  very  close  accordance  of  the  results  of  the  variom 
cases  with  one  another. 


^  FkiL  IVoiM.    Memoir,  r«sd  Nov.  84. 
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Iliera  IB  one  difficulty,  and  one  inaccuracy,  in  Young's  views  at 
iUb  period,  which  it  may  be  proper  to  note.  The  difScoIty  was, 
tJNile  found  it  neceasaiy  to  suppose  that  light,  when  reflected  at  a 
mr  mH^ww^i  ia  xetarded  by  half  an  undulation.  This  assumption, 
ftsuf^  often  oxged  at  a  later  period  as  an  argument  against  the  theory, 
wMfaUy  justified  as  the  mechanical  principles  of  the  subject  were 
mfoUed ;  and  the  necessity  of  it  was  clear  to  Young  from  the  first 
Qb  the  strength  of  this,  says  he,  ^  I  ventured  to  predict,  that  if  the 
reflections  were  of  the  same  kind,  made  at  the  surfiices  of  a  thin  plate, 
«f  i  density  intermediate  between  the  densities  of  the  mediums  snr- 
[  it,  the  central  spot  would  be  white ;  and  I  have  now  the 
cf  stating,  that  I  have  fully  verified  this  prediction  by  intei^ 
;  a  drop  of  oil  of  sassafras  between  a  prism  of  flint^lass  and  a 
Um  of  erown-glass.^' 

The  inaccuracy  of  his  calculations  consisted  in  his  considering  the 
exknal'fiinge  of  shadows  to  be  produced  by  the  interference  of  a  lay 
nfaOti  from  the  edge  of  the  object,  with  a  ray  which  passes  dear  of 
it;  iatead  of  supposing  all  the  parts  of  the  wave  of  light  to  corrobo- 
ntc  or  interfere  with  one  another.  The  mathematical  treatment  of 
tiis  question  on  the  latter  hypothesis  was  by  no  means  easy.  Young 
m  a  mathematician  of  considerable  power  in  the  solution  of  the  pn>- 
Ueois  which  came  before  him  :  though  his  methods  possessed  none  of 
tlie  analytical  elegance  which,  in  his  time,  had  become  general  in 
Frwice.  But  it  does  not  appear  that  he  ever  solved  the  problem  of 
iibiolations  as  applied  to  frnnges,  with  its  true  conditions.  Ue  diJ, 
jowever,  rectifv'  his  conceptions  of  the  nature  of  the  interference ; 
M  we  may  a-Jd,  that  the  numerical  error  of  the  consequences  of  the 
'irfi^ve  hypothesis  is  not  such  as  to  prevent  their  confirming  the 
ufriulatory  thcor}-.' 

But  though  this  theory  was  thus  so  powerfully  reconmiended  by 
experiment  and  calculation,  it  met  with  little  &vor  in  the  scientific 
Tijrl'i  Perhaps  this  will  be  in  some  measure  accounte^l  for,  when  we 
c-:-me,  in  the  next  chapter,  to  speak  of  the  mode  of  its  reception  by 


'  I  may  mention,  in  ad^lition  to  the  applications  which  Young  made  of  the 
pnneiple  of  interferences,  his  Eriometery  an  instroxnent  invente<l  for  the  pnr- 
pttN*  of  mensuring  the  thicknefls  of  the  fibres  of  wood;  and  the  explanation  of 
the  rapenmrnerary  bands  of  the  rainbow.  These  exjjlanation^  involve  ealca- 
!a£ion»  foondcd  on  the  length  of  an  undulation  of  light,  and  were  confirmed  by 
experiment,  as  far  as  experiment  went 
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the  supposed  judges  of  science  and  letters.  Its  author  went  on  labor- 
ing at  the  completion  and  application  of  the  theoiy  in  other  paita  cf 
the  subject ;  bnt  his  extraordinary  success  in  unravelling  the  compkn 
phenomena  of  which  we  have  been  speaking,  appears  to  have  exdfeed 
none  of  the  notice  and  admiration  which  properly  belonged  to  it^  tiH 
FresneFs  Memoir  On  Diffraction  was  delivered  to  the  Institiitfl^  m 
October,  1815. 

MM.  Arago  and  Poinsot  were  commissioned  to  make  a  report  upon 
this  Memoir;  and  the  former  of  these  philosophers  threw  himself  upon 
the  subject  with  a  zeal  and  intelligence  which  peculiarly  belonged  to 
him.  He  verified  the  laws  announced  by  Fresnel :  ^  laws,"  he  Ba7% 
^  which  appear  to  be  destined  to  make  an  epoch  in  science.**  He  then 
cast  a  rapid  glance  at  the  history  of  the  subject,  and  rccogniied,  afc 
once,  the  place  which  Young  occupied  in  it  Grimald],  Newton, 
Maraldi,  ho  states,  had  observed  the  facts,  and  tried  in  vain  to  lednoe 
them  to  rule  or  cause.  ^  Such'  was  the  state  of  our  knowledge  on  this 
difScult  question,  when  Dr.  Thomas  Young  made  the  very  remarkable 
experiment  which  is  described  in  the  Philosophical  Transactunu  for 
1803  '^  namely,  that  to  obliterate  all  the  bands  within  the  shadow,  we 
need  only  stop  the  ray  which  is  going  to  graze,  or  has  grazed,  one 
border  of  the  object  To  this,  Arago  added  the  important  observa- 
tion, that  the  same  obliteration  takes  place,  if  we  stop  the  ray,  with  a 
transparent  plate ;  except  the  plate  be  very  thin,  in  which  case  the 
bands  are  displaced,  and  not  extinguished.  '^Fresnel,'*  says  he, 
^  guessed  the  effect  which  a  thin  plate  would  produce,  when  I  had  told 
him  of  the  effect  of  a  thick  glass."  Fresnel  himself  declares*  that  he 
was  not,  at  the  time,  aware  of  Young's  previous  labors.  After  stating 
nearly  the  same  reasonings  concerning  fringes  which  Young  had  pot 
forward  in  1801,  he  adds,  ''it  is  therefore  the  meeting,  the  aotoal 
crossing  of  the  rays,  which  produces  the  fringes.  This  consequence^ 
which  is  only,  so  to  speak,  the  translation  of  the  phenomena,  seema  to 
me  entirely  opposed  to  the  hypothesis  of  emission,  and  confirms  tbe 
system  which  makes  light  consist  in  the  vibrations  of  a  peculiar  flmd.** 
And  thus  the  Principle  of  Interferences,  and  the  theory  of  undnla- 
tions,  so  &r  as  that  principle  depends  upon  the  theory,  was  a  second 
time  established  by  Fresnel  in  France,  fourteen  years  after  it  had  been 
discovered,  fully  proved,  and  repeatedly  published  by  Young  in 
England. 


An,  Chim.  1815,  Febr.  *  lb.  toxa  xviL  p.  402. 
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In  this  Memoir  of  Fresners,  he  takes  very  nearly  the  same  conrse 
•  roong  had  done ;  considering  the  interference  of  the  direct  light 
nk  that  reflected  at  the  edge,  as  the  cause  of  tlie  external  fringes ; 
■d  he  ohserves,  that  in  this  reflection  it  is  necessary  to  suppose  half 
m  wadobtion  lost :  but  a  few  years  later,  he  considered  the  propagar 
QBB  of  undulations  in  a  more  true  and  general  manner,  and  obtained 
die  sohtion  of  this  difficulty  of  the  half-undulation.    Ilis  more  com- 
plete Memoir  on  I>iffraciion  was  delivered  to  the  Institute  of  France, 
Jalj  29, 1818  ;  and  bad  the  prize  awarded  it  in  1819  :*  but  by  the 
dds^  which  at  that  period  occurred  in  the  publication  of  the  Pari- 
Ma  Aeodemicai  Tramaetiont^  it  was  not  published'  till  1826,  when 
the  theory  was  no  longer  generally  doubtful  or  unknown  in  the  scien- 
tific wockL     In  this  Memoir,  Fresncl  observes,  that  we  must  consider 
the  effect  of  every  portion  of  a  wave  of  light  upon  a  distant  point, 
ind  musk,  <m  this  principle,  find  the  illumination  produced  by  any 
number  of  such  waves  together.    Ilcnce,  in  general,  the  process  of 
inte^mtion  is  requisite;  and  though  the  integrals  which  here  offer 
thciuelvea  are  of  a  new  and  difficult  kind,  he  succeeded  in  making 
the  dlcolation  for  the  cases  in  which  he  experimented.    His  TMe 
f^  tkt  Corrupondeneea  of  Theory  and  Oheervation^  is  very  remarkar 
ble  Car  the  closeness  of  the  agreement ;  the  errors  being  generally 
!•»  than  one  hundredth  of  the  whole,  in  the  distances  of  the  black 
•aa-i-.     lie  justly  adds,  "A  more  striking  agreement  could  not  be 
'  if-e'i-tc-il  Wtween  experiment  and  tlieory.     If  we  compare  the  small- 
'-•:»  of  the  differences  witli  the  extent  of  the  breadths  measured  : 
TH'A  if  we  remark  the  great  variations  which  a  and  h  (the  distance  of 
lilt;  object  from  the  luminous  point  and  from  the  screen)  have  received 
in  the  different  observations,  we  shall  find  it  difficult  not  to  regard  the 
iLttffral  which  has  led  us  to  these  results  as  the  faithful  expression  of 
the  law  of  the  phenomena." 

A  mathematical  theory,  applied,  with  this  success,  to  a  variety  of 
:-.iB*»  of  very  different  kinds,  could  not  now  fail  to  take  strong;  hold 
<A  the  attention  of  mathematicians ;  and  accordingly,  from  this  time, 
tLi-  UDduiatorj-  doctrine  of  diffraction  has  been  generally  assented  to, 
and  the  mathematical  difficulties  which  it  involves,  have  been  <luly 
stn«iie«l  and  struggled  with. 

Among  the  remarkable  applications  of  tlie  undulatory  dr)ctrinc  to 
liffraction,  we  may  notice  those  of  Joseph  Fraunhofer,  a  mathemati- 


'  Ann.  Chim,  May,  1819.     •  Mim.  In$t.  for  1821-2.     ^  Slim.  Inst.  p.  420-424. 
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cal  optician  of  Munich.    He  made  a  great  number  of  experimenti  on 
the  shadows  produced  by  small  holes,  and  groups  of  small  holeii  imj 
near  each  other.    These  were  publiahed*  in  his  Nev  ModifieaiUmM^  ' ' 
Liffht^  in  1823.    The  greater  part  of  this  Memoir  is  employed.  Jl'^' 
tracing  the  laws  of  phenomena  of  the  extremely  complex  and  i 
appearances  which  ho  obtained ;  but  at  the  conclusion  he  ob 
**^  It  is  remarkable  that  the  laws  of  the  reciprocal  influence  and  of  tfft'- 
diffraction  of  the  rays,  can  be  deduced  from  the  principles  of  fl^"^ 
undulatoiy  theory :  knowing  the  conditions,  we  may,  by  means  of  n-' 
extremely  simple  equation,  determine  the  extent  of  a  luminous  wave  Mr -^ 
each  of  the  different  colors ;  and  in  every  case,  the  calculation  < 
ponds  With  observation.^    This  mention  of  '^an  extremely 
equation,'*  appears  to  imply  that  he  employed  only  Young's  nd*^I 
Frcsncl's  earlier  mode  of  calculating  interferences,  by  considering  two  ^ 
portions  of  light,  and  not  the  method  of  integration.    Both  from  fhto '  ? 
late  period  at  which  they  were  published,  and  from  the  absence  of  ^^ 
mathematical  details,  Fraunhofer's  labors  had  not  any  strong  inflneaee  ^; 
on  the  establishment  of  the  undulatory  theory ;  although  fhey  an  ^^ 
excellent  verifications  of  it,  both  from  the  goodness  of  the  obeerre-  ri 
tions,  and  the  complexity  and  beauty  of  the  phenomena.  ^ 

We  have  now  to  consider  the  progress  of  the  undulatoiy  Iheoiy  m  ^ 
another  of  its  departments,  according  to  the  division  abeady  stated.     >^ 

Sect.  3. — JExplanation  of  Double  Befraction  by  the  Undulatory      '^^<j 
Theory.  \ 

Wk  have  traced  the  history  of  the  undulatory  theory  applied  to  iij 
diffraction,  into  the  period  when  Young  came  to  have  Fresnel  for  Ui  >^ 
fellow-laborer.  But  in  the  mean  time.  Young  had  considered  liie  >,^ 
thcor}'  in  its  reference  to  other  phenomena,  and  especially  to  those  of  ^ 
double  refraction. 

In  this  case,  indeed,  Huyghcns's  explanation  of  the  fiicts  of  Iceland  ^ 
spar,  by  means  of  spheroidal  undulations,  was  so  complete,  and  had  j 
been  so  fully  confirmed  by  the  measurements  of  Hatly  and  Wollaston, 
that  little  remained  to  be  done,  except  to  connect  the  Huygfaenian 
h3rpothcsis  with  the  mechanical  views  belonging  to  the  theory,  and  to 
extend  his  law  to  other  cases.  The  former  part  of  this  taeJc  Young 
executed,  by  remarking  that  wo  may  conceive  the  elasticity  of  the 


'  In  Schumacher's  A9tr<mofnitehe  AbhamBungen,  in  French ;  etrlier  in  G^ermin. 
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Sect.  ^.—Hxplanatum  of  Polarization  hy  tJie  Undulatory  Theonf,    ''^ 

Even  while  the  only  phenomena  of  polarization  which  were  kiioim;y^ 
were  those  which  affect  the  two  images  in  Iceland  spar,  the  diflkd^? ' 
which  these  facts  seemed  at  first  to  throw  in  the  way  of  the  undidttlorf  ?; 
theory  was  felt  and  acknowledged  by  Young.  Malos's  discovery  of  pobv-  -.  •« 
ization  by  reflection  increased  the  difficulty,  and  this  Young  did  net  : 
attempt  to  conceal.    In  his  review  of  the  papers  containing  thk  di^  r^ 
covcry*  he  says,  '*  The  discovery  related  in  these  papers  appean  to  «  ^ 
to  be  by  far  the  most  important  and  interesting  which  has  been  made  in  ^. 
France  concerning  the  properties  of  light,  at  least  since  the  time  of  y. 
Huyghens ;  and  it  is  so  much  the  more  deserving  of  notice,  as  it  greally  .^ 
influences  the  general  balance  of  evidence  in  the  comparison  of  the  ;^ 
undulatory  and  projectile  theories  of  the  nature  of  light."    He  then  . 
proceeds  to  point  out  the  main  features  in  this  comparison,  claimiiig  .^ 
justly  a  great  advantage  for  the  theory  of  undulations  on  the  two  ^ . 
points  we  haviij^een  considering,  the  phenomena  of  diffraction  and  of  ^\ 
double  refraction.    And  he  adds,  with  reference  to  the  embarnunment  «?^ 
introduced  by  polarization,  that  we  are  not  to  expect  the  coane  of    ;■, 
scientific  discovery  to  run  smooth  and  uninterrupted ;  but  that  we  aie    " 
to  lay  our  account  with  partial  obscurity  and  seeming  contradiction,  „ 
which  we  may  hope  that  time  and  enlarged  research  will  dissipate.  .^ 
And  thus  he  stead&stly  held,  with  no  blind  prejudice,  but  with  . . 
unshaken  confidence,  his  great  philosophical  trust,  the  fortunes  of  the 
undulatory  theory.    It  is  here,  after  the  difficulties  of  polarization  had 
come  into  view,  and  before  their  solution  had  been  discovered,  that  we 
may  place  the  darkest  time  of  the  history  of  the  theory ;  and  at  this 
period  Young  was  alone  in  the  field. 

It  does  not  appear  that  the  light  dawned  upon  him  for  some  yean. 
In  the  mean  time.  Young  found  that  his  theory  would  explain  depo- 
larized colors ;  and  he  had  the  satisfaction  to  see  Fresncl  re-discover,  ! 
and  M.  Arago  adopt,  his  views  on  diffraction.  He  became  engaged 
in  friendly  intercourse  with  the  latter  philosopher,  who  visited  hJm  in 
England  in  18  J  6.  On  January  the  12th,  1817,  in  writing  to  this 
gentleman,  among  other  remarks  on  the  subject  of  optics,  he  says,  "  I 
have  also  been  reflecting  on  the  possibility  of  giving  an  imperfect  ex- 
planation of  the  affection  of  light  which  constitutes  polarization,  with- 
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iparting  fromihe  genuine  doctrine  of  undulation."  He  then 
di  to  suggest  the  possibility  of  ^  a  transverse  vibration,  propa- 
in  the  direction  of  the  radius,  the  motions  of  the  particles  being 
iiiain  constant  direction  with  respect  to  that  radius ;  and  this," 
li,  **  is  polarization"  From  his  further  explanation  of  his  views, 
mn  that  he  conceived  the  motions  of  the  particles  to  be  oblique 
direction  of  the  ray,  and  not  perpendicular,  as  the  theory  was 
lids  framed ;  but  still,  here  was  the  essential  condition  for  the 
Btbn  of  the  facts  of  polarization, — ^the  transverse  nature  of  the 
oiu.  This  idea  at  once  made  it  possible  to  conceive  how  the 
'  light  could  have  sides  ;  for  the  direction  in  which  the  vibra- 
M  transverse  to  the  ray,  might  be  marked  by  peculiar  properties. 
fter  the  idea  was  once  started,  it  was  comparatively  easy  for  men 
iHiiig  and  Fresncl  to  pursue  and  modify  it  till  it  assumed  its  true 
BBDCt  form. 

may  judge  of  the  difficulty  of  taking  firmly  hold  of  the  concept 
f  tnnsverse  vibrations  of  the  ether,  as  those  which  constitute 
Vf  observing  how  long  the  great  philosophers  of  whom  we  are 
ig  lingered  within  reach  of  it,  before  they  ventured  to  grasp  it. 
\  tays,  in  1821,  "  \Mien  M.  Arago  and  I  had  remarked  (in  1816) 
ro  rays  polarized  at  right  angles  always  give  the  same  quantity 
t  by  their  union,  I  thought  this  might  be  explained  by  supposing 
mtions  to  be  transverse,  and  to  be  at  right  angles  when  the  rays 
larised  at  right  angles.  But  this  supposition  was  so  contrary  to 
wived  ideas  on  the  nature  of  the  vibrations  of  elastic  fluids," 
"eniel  hesitated  to  adopt  it  till  he  could  reconcile  it  better  to  his 
Dical  notions.  "  Mr.  Young,  more  bold  in  his  conjectures,  and 
nfiding  in  the  views  of  geometers,  published  it  before  me,  though 
«  he  thought  it  after  me."  And  M.  Arago  was  afterwards  won: 
be"  that  when  he  and  Fresnel  had  obtained  their  joint  experi- 

results  of  the  non-intierfcrence  of  oppositely-polarized  pencils, 
len  Fresnel  pointed  out  that  transverse  vibrations  were  the  only 

A  tranalfltmn  of  f.TiiA  fnnf.  infn  tliA  nnHnlafnnr  f.YifVtrv.   I)a  Iiima/k1/ 
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Young's  fint  pabliahed  sUtement  of  the  doctr»e  of  tnuwvene  Tifank  bb 
tioDs  was  given  in  the  explanation  of  the  phenomena  of  dipolmriatMB,  lc 
of  which  we  shall  have  to  speak  in  the  next  Section.  Bnt  the  priniiy  ic 
and  immense  value  of  this  conception,  as  a  step  in  the  progreas  cf  4ift  fc= 
undolatory  theory,  was  the  connexion  which  it  estaUished  befeiraMI  k 
polarization  and  double  refraction ;  for  it  held  forth  a  promin  'of  si: 
accounting  for  polarization,  if  any  conditions  could  be  found  wlikli  !ic 
might  determine  what  was  the  direction  of  the  transverse  vilnalioMi  .^ 
The  analysis  of  these  conditions  is,  in  a  great  measure,  the  woric  of  .s 
Fresnel ;  a  task  performed  with  profound  philosophical  sagacity  and  ^ 
great  mathematical  skill.  > 

Since  the  double  refraction  of  uniaxal  crystals  could  be  explained  by  ^ 
undulations  of  the  form  of  a  spheroid,  it  was  perhaps  not  difficoh  to  ^ 
conjecture  that  the  undulations  of  biaxal  crystals  would  be  acoonnted  ^ 
for  by  undulations  of  the  form  of  an  ellipsoid,  which  differs  from  the  ^ 
spheroid  in  having  its  throe  axes  unequal,  instead  of  two  only ;  and  . 
consequently  has  that  very  relation  to  the  other,  in  respect  of  symme-  , 
try,  which  the  crystalline  and  optical  phenomena  have.  Or,  again,  ,: 
instead  of  supposing  two  diflercnt  degrees  of  elasticity  in  different  • 
directions,  we  may  suppose  three  such  different  degrees  in  directiana  at  , 
light  angles  to  each  otiier.  This  kind  of  generalization  was  toleraUy 
obvious  to  a  practised  mathematician. 

But  what  shall  call  into  play  all  these  elasticities  at  once,  and  pro* 
dnce  waves  governed  by  each  of  them  ?    And  what  shall  explain  the    ,, 
different  polarization  of  the  rays  which  these  separate  waves  cany  with    . 
them  f    These  were  difficult  questions,  to  the  solution  of  which  mathe* 
matical  calculation  had  hitherto  been  unable  to  offer  any  aid. 

It  was  here  that  the  conception  of  transverse  vibrations  came  in» 
like  a  beam  of  sunlight,  to  disclose  the  possibility  of  a  mechanical  eoB- 
nexion  of  all  these  facts.  If  transverse  vibrations,  travelling  through  a 
uniform  medium,  come  to  a  medium  not  uniform,  but  constituted  ao 
that  the  elasticity  shall  be  different  in  different  directions,  in  the  man- 
ner we  have  described,  what  will  be  the  course  and  condition  of  the 
waves  in  the  second  medium  ?  Will  the  effects  of  such  waves  agree 
with  the  phenomena  of  doubly-refracted  light  in  biaxal  crystals  f 
Here  was  a  problem,  striking  to  the  mathematician  for  its  generality 
and  difficulty,  and  of  deep  interest  to  the  physical  philosopher,  because 
the  fate  of  a  great  theory  depended  upon  its  solution. 

The  solution,  obtained  by  great  mathematical  skill,  was  laid  before 
the  French  Institute  by  Fresnel  in  November,  1821,  and  was  carried 
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in  two  Menioin  presented  in  1622.  Its  import  is  very  corioiu. 
Ue  nwinlatiopg  which,  coming  from  a  distant  centre,  ML  upon  snch  a 
we  have  described,  are,  it  appears  from  the  principles  of 
pwyagated  in  a  manner  quite  different  from  anything 
had  been  anticqiated.  The  **  snrfiice  of  the  waves"  (that  is,  the 
which  would  bonnd  undolations  diverging  from  a  point),  is  a 
mf  emplezy  yet  symmetrical  curve  surface ;  which,  in  the  case  of 
ciyatala,  resolves  itself  into  a  sphere  and  a  spheroid;  but 
in  general,  forms  a  continuous  double  envelope  of  the  central 
potto  which  it  belongs,  intersecting  itself  and  returning  into  itself 
Ths  directions  of  the  rays  are  determined  by  this  curve  surfiuse  in 
binsl  crystals,  as  in  uniaxal  crystals  they  are  determined  by  the 
iphoe  and  the  spheroid ;  and  the  result  is,  that  in  biaxal  crystals,  both 
im  suffer  extraordinary  refraction  according  to  determinate  laws. 
And  the  positions  of  the  planes  of  polarization  of  the  two  rays  follow 
from  the  same  investigation ;  the  plane  of  polarization  in  every  case 
haag  fqiposed  to  be  that  which  is  perpendicukr  to  the  transverse 
nhatioDa,  Now  it  appeared  that  the  polarization  of  the  two  rays,  as 
dftowiiiiiij  by  FresncPs  theory,  would  be  in  directions,  not  indeed 
ezaedy  aooordant  with  the  law  deduced  by  M.  Biot  from  experiment, 
but  deflating  so  little  from  those  directions,  that  there  could  be  small 
doubt  that  the  empirical  formula  was  wrong,  and  the  theoretical  one 
light 

The  theory  was  further  confirmed  by  an  experiment  showing  that, 
m  a  biaxal  crystal  (topaz),  neither  of  the  rays  was  refracted  according 
to  the  ordinary  law,  though  it  had  hitherto  been  supposed  that  one  of 
ihem  wsL^  so  ;  a  natural  inaccuracy,  since  the  error  was  small."  Thus 
•Jiis  beautiful  thcor\'  corrected,  while  it  explained,  the  best  of  tlie  obser- 
vations which  had  previously  been  made ;  and  oflfered  itself  to  mathe- 
maticians with  an  almost  irresistible  power  of  con\nction.  The  explana- 
tion of  laws  so  strange  and  diverse  as  those  of  double  refraction  and 
polarization,  by  the  same  general  and  symmetrical  theory,  could  not 
resoh  from  anything  but  the  truth  of  the  theor}\ 

*  Long,'^  says  Fresnel,"  "  before  I  had  conceived  this  theorj',  I  had 
convinced  myself,  by  a  pure  contemplation  of  the  facts,  that  it  was  not 
pc«sible  to  discover  the  true  explanation  of  double  refraction,  without 
explaining,  at  the  same  time,  the  phenomena  of  polarization,  which 
iLways  goes  along  with  it ;  and  accordingly,  it  was  after  having  found 


'  An,  Ck  xxviii.  p.  264.        "  Sur  la  Double  Be/.,  Mini.  ImL  1826,  p.  174. 
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what  mode  of  vibration  constitated  polarization,  lliat  I  caught  aij^cf  -ti- 
the mechanical  canBCs  of  double  refraction.''  2 

Having  thus  got  possession  of  the  principle  <^  the  mechamim  ef  ^ 
polarization,  Frcsnel  proceeded  to  apply  it  to  the  other  cases  of  pobr*  t^ 
ized  light,  with  a  rapidity  and  sagacity  which  reminds  ns  of  the  1 
in  which  Newton  traced  out  the  consequences  of  the  principle  of  1 
versal  gravitation.  In  the  execution  of  his  task,  indeed,  FresneL  was  ^ 
forced  upon  several  precarious  assumptions,  which  make,  even  ye^  »  ^ 
wide  difference  between  the  theory  of  gravitation  and  that  of  1%^  . . 
But  the  mode  in  which  these  were  confirmed  by  experiment^  compak  ^ 
us  to  admire  the  happy  apparent  boldness  of  the  calculator. 

The  subject  of  polarization  by  reflection  was  one  of  those  whidi   . 
seemed  most  untractable ;  but,  by  means  of  various  artifices  and  ooa- 
jcctures,  it  was  broken  up  and  subdued.    Fresnel  b^an  with  the  mnr  ,_ 
plest  case,  the  reflection  of  light  polarized  in  the  plane  of  reflection ;   ^ 
which  he  solved  by  means  of  the  laws  of  collision  of  elastic  bodies  .  ^ 
He  then  took  the  reflection  of  light  polarized  perpendiculariy  to  this  ^ 
plane ;  and  here,  adding  to  the  general  mechanical  principles  a  hypo- 
thetical assumption,  that  the  communication  of  the  resolved  motion 
parallel  to  the  refracting  surface,  takes  place  according  to  the  laws  of   ^. 
elastic  bodies,  he  obtains  his  formula.    These  results  were  capable  of 
comparison  with  experiment ;  and  the  comparison,  when  made  by  M, 
Arago,  confirmed  the  formulaj.    They  accounted,  too,  for  Sir  D.  Brews- 
ter's law  concerning  the  polarizing  angle  (see  Chap,  vi.) ;  and  this 
could  not  but  be  looked  upon  as  a  striking  evidence  of  their  having 
some  real  foundation.    Another  artifice  which  MM.  Fresnel  and  Ango 
employed,  in  order  to  trace  the  effect  of  reflection  upon  common  light, 
was  to  use  a  ray  polarized  in  a  plane  making  half  a  right  angle  with 
the  plane  of  reflection ;  for  the  quantities  of  the  oppositely"  polariied 
light  in  snch  an  incident  ray  are  equal,  as  they  are  in  common  light; 
but  the  relative  quantities  of  the  oppositely  polarized  light  in  tibe 
reflected  ray  are  indicated  by  the  new  plane  of  polarization ;  and  thai 
these  relative  quantities  become  known  for  the  case  of  common  light. 
The  results  thus  obtained  were  also  confirmed  by  facts ;  and  in  this 
manner,  all  that  was  doubtful  in  the  process  of  Fresnel's  reasoning 
seemed  to  be  authorized  by  its  application  to  real  cases. 


"  It  will  be  recollected  all  along,  that  oppotitdy  polarized  rays  are  those 
which  are  polarized  in  two  planes  perpmdieuiar  to  each  other.  See  abovs, 
chap.  vi. 
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Theee  iiiTestigatioiiB  were  published^*  in  1821.  In  sncceeding  yean, 
f^esnel  nndertook  to  extend  the  i^lication  of  his  formnlso  to  a  case  in 
which  they  ceased  to  have  ameaning,  or,  in  the  hmgoage  of  mathema- 
tioiaiis,  became  ima^nary  ;  namely,  to  the  case  of  internal  reflection 
at  the  snrfiMse  of  a  tnuiiq>arent  body.  It  may  seon  strange  to  those 
who  are  not  mathematicians,  but  it  is  nndoabtedly  trae,  that  in  many 
cases  in  which  the  solution  of  a  problem  directs  impossible  arithmetical 
cr  algebraical  operations  to  be  performed,  these  directions  may  be  so 
iatepreted  as  to  point  oat  a  tme  solution  of  the  qnestioii.  Snch  an 
nterpretation  Fresnel  attempted"  in  the  case  of  which  we  now  speak ; 
and  the  resolt  at  which  he  arrived  was,  that  the  reflection  of  light 
throng  a  rhomb  of  glass  of  a  certain  form  (since  called  FrtmeVa 
rkomh\  would  produce  a  polarization  of  a  kind  altogether  dififerent 
from  those  which  his  theory  had  previously  considered,  namely,  that 
hind  which  we  have  spoken  of  as  circular  polarization.  The  com- 
plete eonfinnation  of  this  curious  and  unexpected  result  by  trial,  is 
another  of  the  extraordinary  triumphs  which  have  distinguished  the 
hortoiy  of  the  theory  at  every  step  since  the  commencement  of  Fres- 
nel's  kbors. 

But  anything  fiirther  which  has  been  done  in  this  way,  may  be 
treated  of  more  properly  in  relating  the  verification  of  the  theory. 
And  we  have  still  to  speak  of  the  most  numerous  and  varied  dass  of 
&cts  to  which  rival  theories  of  light  were  applied,  and  of  the  establish- 
ment of  the  undulatory  doctrine  in  reference  to  that  department ;  I 
mean  the  phenomena  of  depolarized,  or  rather,  as  I  have  ah*eady  said, 
i^poburiaed  light 

Sect.  5, — Explanation  of  JDipolarization  by  the  Undulatory  Theory, 

Wwat  Arago,  in  1811,  had  discovered  the  colors  produced  by  pdiar 
oed  light  passing  through  certain  crystals,*'  it  was  natural  that 
attempts  should  be  made  to  reduce  them  to  theory.  M.  Biot,  ani- 
maled  by  the  success  of  Mains  in  detecting  the  laws  of  double  refrao- 
tidi,  and  Young,  knowing  the  resources  of  his  own  theory,  were  the 
fint  persons  to  enter  upon  this  undertaking.  M.  Biot's  theory,  though 
in  the  end  displaced  by  its  rival,  is  well  worth  notice  in  the  history  of 
the  subject  It  was  what  he  called  the  doctrine  of  moveable  polariza* 
Ucn.    He  conceived  that  when  the  molecules  of  light  pass  through 
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thin  oiystaUino  plates,  the  plane  of  polarisation  undeigoea  an  omaDMr  ii! 
tion  which  ^sarrieB  it  backwards  and  forwards  through  a  oertain.i 
namely,  twice  the  angle  contained  between  the  original  plane  of  ; 
riaation  and  the  principal  section  of  the  crystaL    The  intenrala  ^ 
this  oscillation  occnpies  are  lengths  of  the  path  <^  the  ray,  very  i 
and  different  for  different  colors,  like  Newton's  fits  of  easy  1 
sion ;  on  which  modd,  indeed,  the  new  theory  was  evidently  tnurndS  ^ 
The  colors  produced  in  the  phenomena  of  dipolariiation  really,  da  ^ 
depend,  in  a  periodical  manner,  on  the  length  of  the  path  of  the  Vfjkt  ^ 
through  the  crystal,  and  a  theory  such  as  M.  Biot's  was  capable. flf 
being  modified,  and  was  modified,  so  as  to  include  the  leading  featons 
of  the  &ct8  as  then  known ;  but  many  of  its  conditions  being  fonndid  ^ 
on  special  circumstances  in  the  experiments,  and  not  on  the  real  condi-  ^ 
tions  of  nature,  there  were  in  it  several  incongruitieB,  as  well  aa  the 
general  defect  of  its  being  an  arbitrary  and  unconnected  hypothcaik 

Young's  mode  of  accounting  for  the  brilliant  phenomena  of  dipo- 
larization  appeared  in  the  Quarterly  Beview  for  1814.    After  notioim  . . 
the  discoveries  of  MM.  Arago,  Brewster,  and  Biot,  he  adds,  '^  We  have 
no  doubt  that  the  surprise  of  these  gentlemen  will  be  as  great  as  oar     ' 
own  satisfaction  in  finding  that  they  are  perfectly  reducible^  like  other    ■ 
causes  of  recurrent  colors,  to  Uie  general  laws  of  the  interference  of 
light  which  have  been  established  in  this  country  f  giving  a  rafeieBfle   " 
to  his  former  statements.    The  results  are  then  explained  by  the  inter- 
ference of  the  ordinary  and  extraordinary  ray.    But,  as  M.  Aiago 
properly  observes,  in  his  account  of  this  matter,"  ^^  It  must,  howevec,    ^ 
be  added  that  Dr.  Young  had  not  explained  either  in  what  eireoift-    ' 
stances  the  interference  of  the  ra3rs  can  take  place,  nor  why  we  see  no 
colors  unless  the  crystallized  plates  are  exposed  to  light  previoualy 
polarized.*'    The  explanation  of  these  circumstances  depcnda  on  the 
laws  of  interference  of  polarized  light  which  MM.  Arago  and  Freuicl 
established  in  1616.    They  then  proved,  by  direct  experiment,  that 
when  polarized  light  was  treated  so  as  to  bring  into  view  the  most 
marked  phenomena  of  interference,  namely,  the  bands  of  shadows; 
pencils  of  light  which  have  a  common  origin,  and  which  are  polariied 
in  the  parallel  planes,  interfere  completely,  while  those  which  ara 


>▼  See  MIL  Arsgo  and  Biot's  Memoirs,  Mim,  InaL  for  1811 ;  the  whole 
Tohmie  for  1818  is  s  Memoir  of  M.  Biot*8  (pnbliihed  1614);  also  Mim.  IkiL  tat 
1817 ;  M.  Biot's  Mem.  read  in  1818,  pabliehed  in  1810  and  for  IMS. 
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polarised  in  ci^potUe  (that  is,  perpendicular,)  planee  do  not  ioterfen 
at  alL^*  TUdi^  these  principles  into  the  account,  Freanel  cxplaiBed 
f«y.  completely,  by  means  of  the  interference  of  nndnlations,  all  Hhe 
cuemstances  of  colors  prodnced  by  crystalliied  plates ;  showing  the 
neceaaity  of  the  polanmUimi  in  the  irst  instance;  the  dipokurmng 
effMt  of  the  ciyitd;  and  the  office  of  the  awdymng  ptate^  by  which 
certain  poitimia  of  each  of  the  two  rays  in  the  crystal  are  made  to 
iBteifere  and  produce  color.  This  he  did,  as  he  says,*^  without  being 
swan^  till  Aiago  told  him,  that  Tonng  had,  to  some  extent,  antici- 
patted  hinL 

When  we  look  at  the  history  of  the  emission-theory  of  light,  we 
see  exactly  what  we  may  consider  as  the  natural  course  of  things  in 
the  caieer  of  a  fidse  theory.  Such  a  theory  may,  to  a  certain  extent, 
explain  the  phenomena  which  it  was  at  first  contrived  to  meet ;  but 
every  new  dass  of  &cts  requires  a  new  supposition, — an  addition  to 
the  machinery ;  and  as  observation  goes  on,  these  incoherent  appen- 
dages accumulate,  till  they  overwhehn  and  upset  the  original  frame- 
iroA.  Such  was  the  history  of  the  hypothesis  of  solid  epicycles ;  such 
has  been  the  history  of  the  hypothesis  of  the  material  emission  of 
light  In  its  simple  jEbrm,  it  explained  reflection  and  refraction ;  but 
the  cc^rs  of  thin  plates  added  to  it  the  hypothesis  of  fits  of  easy 
transmisdon  and  reflection;  the  phenomena  <^  diffraction  further 
invested  the  particles  with  complex  hypothetical  laws  of  attraction  and 
repolaion ;  polarization  gave  them  sides ;  double  refraction  aubjected 
them  to  peculiar  forces  emanating  from  the  axes  of  crystals ;  finally, 
d^larisation  loaded  them  with  the  complex  and  unconnected  con- 
trivance of  moveable  polarization ;  and  even  when  all  this  had  been 
lissnmod,  additional  mechanism  was  wanting.  There  is  here  no  unex- 
pected sQCcesB^  no  happy  coincidence,  no  convergence  of  principles 
from  ramote  quarters ;  the  philosopher  builds  the  machine,  but  its 
parts  do  not  fit;  they  hold  together  only  while  he  presses  them :  this 
ia  not  the  character  <tf  truth. 

In  the  undulatory  theory,  on  the  other  hand,  all  tends  to  unity  and 
aimplidfy.  We  explain  reflection  and  refraction  by  undulations ; 
when  we  come  to  thin  plates,  the  requisite  ^fits''  are  already  involved 
in  our  fondamental  hypothesis,  ibr  they  are  the  length  of  an  undular 
tion ;  the  phenomena  of  diffiraction  also  require  such  intervals ;  and 
the  intervals  thus  required  agree  exactly  with  the  others  in  magnitude, 


*  Awl  Ohm.  tauLX,  "Ib.tom.xviLp.408. 
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80  that  no  new  property  is  needed.  Polarization  for  a  moment  dieeki 
us ;  bat  not  long ;  for  the  direction  of  our  vibrations  is  hitherto  nU- 
trary ; — ^wo  allow  polarization  to  decide  it  Having  done  thk  ht 
the  sake  of  polarization,  we  find  that  it  also  answers  an  entirdj  dift 
forent  purpose,  that  of  giving  the  law  of  doable  refraction.  Tralfe 
may  give  rise  to  such  a  coincidence ;  falsehood  cannot  But  tte 
phenomena  become  more  numerous,  more  various,  more  strange;  no 
matter :  the  Theory  is  equal  to  them  all.  It  makes  not  a  single  new 
physical  hypothesis ;  but  out  of  its  original  stock  of  principles  flfc 
educes  the  counterpart  of  all  that  observation  shows.  It  accounts  ibTi 
explains,  simplifies,  the  most  entangled  cases;  corrects  known  laws 
and  &cts ;  predicts  and  discloses  unknown  ones ;  becomes  the  guide 
of  its  former  teacher.  Observation ;  and,  enlightened  by  mechanied 
conceptions,  acquires  an  insight  which  pierces  through  shape  and 
color  to  force  and  cause. 

We  thus  reach  the  philosophical  moral  of  this  history,  so  important 
in  reference  to  our  purpose ;  and  here  we  shall  close  the  account  of 
the  discovery  and  promulgation  of  the  undulatory  theory.  Any 
further  steps  in  its  development  and  extension,  may  with  propriety  be 
noticed  in  the  ensuing  chapters,  respecting  its  reception  and  yerifica- 
taon. 

[2nd  Ed.]  [In  the  Philosophy  of  the  Inductive  Sciences^  B.  zi.  cL 
iii.  Sect  11, 1  have  spoken  of  the  Consilience  of  Inductions  as  one  of 
the  characters  of  scientific  truth.  We  have  several  striking  instaneet 
of  such  consilience  in  the  history  of  the  undulatory  theory.  The  phe- 
nomena of  fringes  of  shadows  and  colored  bands  in  crystals  jwnp 
together  in  the  Theory  of  Vibrations.  The  phenomena  of  polarization 
and  double  refraction  jump  together  in  the  Theory  of  Crystalline 
Vibrations.  The  phenomena  of  polarization  and  of  the  interference 
of  polarized  T&jsjump  together  in  the  Theory  of  Transverse  Vibrations. 

The  proof  of  what  is  above  said  of  the  undulatory  theory  is  con- 
tained in  the  previous  histoiy.  This  theoiy  has  "  accounted  for,  ex- 
plained, and  simplified  the  most  entangled  cases ;"  as  the  cases  of  fringes 
of  sliadows;  shadows  of  gratings;  colored  bands  in  biaxal  crystals,  and 
in  quartz.  There  arc  no  optical  phenomena  more  entangled  than  these. 
It  has  "  corrected  experimental  laws,"  as  in  the  case  of  M.  Biot's  law 
of  the  direction  of  polarization  in  biaxal  crystals.  It  has  done  this, 
"without  making  any  new  physical  hypothesis ;"  for  the  transverse 
direction  of  vibrations,  the  different  optical  elasticities  of  crystals  in 
different  directions,  and  (if  it  be  adopted)  the  hypothesis  of  finite 
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iotenrak  of  the  particles  (see  chap.  z.  and  hereafter,  chap.  ziiL),  are 
only  limitationB  of  what  was  indefinite  in  the  earlier  form  of  the  hypo- 
thesis. And  so  fiur  as  the  properties  of  visible  radiant  light  are  oon- 
estned,  I  do  not  think  it  at  all  too  mach  to  say,  as  M.  Schwerd  has 
Mad,  that  ''the  undulation  theory  accounts  for  the  phenomena  as  com- 
pktely  as  the  theory  of  gravitation  does  for  the  facts  of  the  solar  system.^' 

Hiis  we  might  say,  even  if  some  facts  were  not  yet  fully  explained ; 
for  there  wore  till  very  lately,  if  there  are  not  still,  such  unexplained 
fiiets  with  regard  to  the  theory  of  gravitation,  presented  to  us  by  the 
iolar  system.  With  regard  to  the  undulatory  theory,  these  exceptions 
are,  I  think,  disappearing  quite  as  rapidly  and  as  completely  as  in  the 
ome  of  gravitation.  It  is  to  be  observed  that  no  presumption  agamst 
the  theory  can  with  any  show  of  reason  be  collected  from  the  cases 
in  which  dasses  of  phenomena  remain  unexplained,  the  theory  having 
never  been  applied  to  them  by  any  mathematician  capable  of  tracing 
ita  results  correctly.  The  history  of  the  theory  of  gravitation  may 
show  us  abundantly  how  necessary  it  is  to  bear  in  nund  this  caution ; 
and  the  results  of  the  undulatory  theory  cannot  be  traced  without  great 
mathematical  skill  and  great  labor,  any  more  than  those  of  gravitation. 

This  remark  applies  to  such  cases  as  that  of  the  tramverse  fringes 
rf  grooved  surfaces.  The  general  phenomena  of  these  cases  are  per- 
fectly explained  by  the  theory.  But  there  is  an  interruption  in  the 
l^t  in  an  oblique  direction,  which  has  not  yet  been  explained ;  but 
loddng  at  what  has  been  done  in  other  cases,  it  is  impossible  to  doubt 
that  this  phenomenon  depends  upon  the  results  of  certain  integrations, 
and  would  be  explained  if  these  were  rightly  performed. 

The  phenomena  of  crystallized  surfaceSj  and  especially  their  effects 
vfKm  the  plane  of  polarization,  were  examined  by  Sir  D.  Brewster, 
and  laws  of  the  phenomena  made  out  by  him  with  his  usual  skill 
and  sagacity.  For  a  time  these  were  unexplained  by  the  theory. 
But  recently  Mr.  Mac  Cullagh  has  traced  the  consequences  of  the 
theory  in  this  case,*'  and  obtained  a  law  which  represents  with  much 
iiinrtiiftiiWi  Sir  D.  Brewster's  observation. 

The  phenomena  which  Sir  D.  Brewster,  in  1837,  called  a  new  pro- 
petty  Gf  lights  (certain  i^pearances  of  the  spectrum  when  the  pupil 
of  the  eye  is  half  covered  with  a  thin  glass-or  crystal,)  have  been  ex- 
plained by  Mr.  Airy  in  the  Phil.  Trans,  for  1840. 
-   Mr.  Airy's  explanation  of  the  phenomena  termed  by  Sir  D.  Brew 
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ster  A  new  property  of  lights  is  completed  in  the  PAtloiopiMafl 
Magamne  for  November,  1846.  It  is  there  ehown  that  a  dependflBMN* 
of  the  breadth  of  the  bands  upon  the  aperture  of  the  pnpil, 
had  been  supposed  to  result  from  the  theoiy,  and  which  doea- 
appear  in  the  experiment,  did  really  result  from  certain  limited 
ditions  of  the  hypothesis,  which  conditions  do  not  belong  to  Hm  i  ' 
experiment ;  and  that  when  the  problem  is  solved  without  'thoaa  m 
limitations,  the  discrepance  of  theory  and  observation  vanisheB ;  m » 
that,  as  Mr.  Airy  says,  '^  this  very  remarkable  experiment,  whieh  kM|f «! 
appeared  inexplicable,  seems  destined  to  give  one  of  the  strong^t  ^ 
confirmations  to  the  Undulatoiy  Theory."  , 

I  may  remark  also  that  there  is  no  force  in  the  objection  which%fll  |,, 
been  urged  against  the  admirers  of  the  undulatoiy  theory,  that  faj  Ai  |^ 
fulness  of  their  assent  to  it,  they  discourage  frirther  reaeardiea  wUA  y^ 
may  contradict  or  confirm  it    We  must,  in  this  point  of  view  aho^  .^ 
look  at  the  course  of  the  theoiy  of  gravitation  and  its  results.    Ua 
acceptance    of  that   theoiy  did  not  prevent  mathematicianis  and  ,^, 
observers  from  attending  to  the  apparent  exceptions,  but  on  the  oott^  ^^ 
trary,  stimulated  them  to  calculate  and  to  observe  with  additioHi  , 
zeal,  and  still  does  so.    The  acceleration  of  the  Moon,  the  mutual 
disturbances  of  Jupiter  and  Saturn,  the  motions  of  Jupiter's  Satelliteii 
the  effect  of  the  Earth's  oblateness  on  the  Moon's  motion,  the  motions 
of  the  Moon  about  her  own  centre,  and  many  other  phenomena,  were 
studied  with  the  greater  attention,  because  the  general  theory  was 
deemed  so  convincing :  and  the  same  cause  makes  the  remaining  ex- 
ceptions objects  of  intense  interest  to  astronomers  and  mathematicians. 
The  mathematicians  and  optical  experimenters  who  accept  the  undu- 
latory  theory,  will  of  course  follow  out  their  conviction  in  the  same 
manner.     Accordingly,  this  has  been  done  and  is  still  doing,  as  in 
Mr.  Airy's  mathematical  investigation  of  the  effect  of  an  annular 
aperture ;  Mr.  Eamshaw's,  of  the  effect  of  a  triangular  aperture ;  Mr. 
Talbot's  explanation  of  the  effect  of  interposing  a  film  of  mica  be* 
tween  a  part  of  the  pupil  and  the  pure  spectnim,  so  nearly  approach- 
ing to  the  phenomena  which  have  been  spoken  of  as  a  new  Polarity 
of  Light ;  besides  other  labors  of  eminent  mathematicians,  elsewhere 
mentioned  in  these  pages. 

The  phenomena  of  the  absorption  of  light  have  no  especial  bearing 
upon  the  undulatory  theory.  There  is  not  much  difficulty  in  explain- 
ing the  poBsibiliiy  of  absorption  upon  the  theory.  When  the  light 
is  absorbed,  it  ceases  to  belong  to  the  theory. 


SPOCH  OF  YOUNG  AND  FRE8NSL.  Ill 

For,  as  I  have  said,  the  theoiy  professes  only  to  explain  tlie  {^eno- 
meiui  of  radiatU  vinbU  liglit  We  know  very  well  that  light  has 
odier  bearings  and  prc^perties.  It  produces  chemical  effects.  The 
optical  polarity  of  crystals  is  connected  with  the  chemical  polarity  of 
their  constitution.  The  natural  colors  of  bodies,  too,  are  connected 
with  their  chemical  constatution.  light  is  also  connected  with  heat 
The  muhilatory  theory  does  not  undertake  to  explain  these  properties 
and  their  connexion.  If  it  did,  it  would  be  a  Thewy  of  Heat  and  of 
GhCTUcal  Composition,  as  well  as  a  Theory  of  Light. 

Dr.  Faraday's  recent  experiments  have  shown  that  the  magnetic 
polarity  is  directly  connected  with  that  optical  polarity  by  which  the 
plane  of  polarization  is  affected.  When  the  lines  of  magnetic  force 
pass  throogh  certain  transparent  bodies,  they  communicate  to  them  a 
oectMn  kind  of  circular  polarizing  power ;  yet  different  from  the  cir- 
colar  pdariang  power  of  quartz,  and  certain  fluids  mentioned  in 
chapter  ix. 

Peihi^  I  may  be  allowed  to  refer  to  this  discovery  as  a  further 
illiistnition  of  the  views  I  have  offered  in  the  PhUosophy  of  ike  In^ 
dveiwe  8eimee$  respecting  the  Connexion  of  Co-exietent  FolariHei. 
(R  y.  C9iap.  ii.)] 


CHAPTER  Xn. 

SlQtrXL  TO  THE  EPOCH   07  YoUNQ    AND    FbSSNEL.      RsCSFTION    07 
THE  UnDULATORT  ThEORT. 

TTTHEN  Young,  in  1800,  published  his  assertion  of  the  Principle  of 
**  Interferences,  as  the  true  theory  of  optical  phen<»nena,  the  con- 
dition of  England  was  not  very  favorable  to  a  fiur  appreciation  of  the 
vahie  of  the  new  opinion.  The  men  of  science  were  strongly  pre-occu- 
pied  in  fitvor  of  the  doctrine  of  emission,  not  only  from  a  national 
infeeieBt  in  Newton's  glory,  and  a  natural  reverence  for  his  authority, 
bat  also  from  deference  towards  the  geometers  of  France,  who  were 
looked  up  to  as  our  masters  in  the  application  of  mathematics  to  phy- 
aica,  and  who  were  understood  to  be  Newtonians  in  this  as  in  other 
subjects.  A  general  tendency  to  an  atomic  philosophy,  which  had 
begun  to  i^pear  from  the  time  of  Newton,  operated  powerfiilly ;  and 
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the  hypothesis  of  emission  was  so  easily  conceived,  that,  when 
mended  by  high  authority,  it  easily  became  popular;  while  At 
hypothesis  of  luminiferous  undnlations,  unavoidably  difficult  to  compi^'  ~« 
hend,  even  by  the  aid  of  steady  thought,  was  neglected,  and  all  Ink  ^ 
forgotten.  •    - 

Yet  tlie  reception  which  Young's  opinions  met  with  was  mora  hsfek  :« 
than  he  might  have  expected,  even  taking  into  account  all  these  eoB^  ^ 
siderations.    But  there  was  in  England  no  visible  body  of  men,  fitted  «. 
by  their  knowledge  and  character  to  pronounce  judgment  on  sach  a  :^s 
question,  or  to  give  the  proper  impulse  and  bias  to  public  opinicm.  ?^ 
The  Royal  Society,  for  instance,  had  not,  for  a  long  time,  by  custom  or  ss 
institution,  possessed  or  aimed  at  such  functions.    The  writen  tt  xj 
''  Reviews  ^  alone,  selt^nstituted  and  secret  tribunals,  claimed  tUi  i^i 
kind  of  authority.    Among  these  publications,  by  hr  the  moat  dkliB-  ^^ 
guished  about  this  period  was  the  Edinburgh  Review  ;  and,  inclodfaig  \^. 
among  its  contributors  men  of  eminent  science  and  great  tsleHlkt  r^ 
employing  also  a  robust  and  poignant  style  of  writing  (often  certekilj  ^ 
in  a  very  unfiur  manner),  it  naturally  exercised  great  influence.    Oi  i.^ 
abstruse  doctrines,  intelligible  to  few  persons,  more  than  on  otlier  rab-  ^ 
jccts,  the  opinions  and  feelings  expressed  in  a  Review  must  be  thoae  ^, 
of  the  individual  reviewer.    The  criticism  on  some  of  Young's  eariy    .^ 
papers  on  optics  was  written  by  Mr.  (afterwards  Lord)  Brougham,  who,   ^ 
as  we  have  seen,  had  experimented  on  diffraction,  following  the  New- 
tonian view,  that  of  inflexion.    Mr.  Brougham  was  perhaps  at  this 
time  young  enough'  to  be  somewhat  intoxicated  with  the  appeaimnce 
of  judicial  authority  in  matters  of  science,  which  his  oflSce  of  anony- 
mous reviewer  gave  him :  and  even  in  middle-life,  he  was  sometimes 
considered  to  be  prone  to  indulge  himself  in  severe  and  sarcastic 
expressions.    In  Januar}',  1803,  was  published'  his  critique  on  Dr. 
Young*s  Bakerian  Lecture,  On  the  Theory  of  Light  and  Colc9%  in 
which  lecture  the  doctrine  of  undulations  and  the  law  of  interferences 
was  maintained.    This  critique  was  an  uninterrupted  strain  of  blame 
and  rebuke.     "  This  paper,"  the  reviewer  said, "  contains  nothing  whidi 
deserves  tlie  name  either  of  experiment  or  discovery."    He  charged 
the  writer  with  "  dangerous  relaxations  of  the  principles  of  physical 
logic."     "  We  wish,"  he  cried,  "  to  recall  philosophers  to  the  strict  and 
severe  methods  of  investigation,"  describing  them  as  those  pointed  out 
by  Bacon,  Newton,  and  the  like.    Finally,  Dr.  Young's  specuUitaons 


*  His  age  was  twenty-four.  *  Edi%.  TZmew,  vol.  L  p.  46a 
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were  spoken  ctf  as  a  hypothesis,  which  is  a  mere  work  of  £EUicy ;  and 
the  critic  added,  **  we  cannot  conclude  our  review  without  entreating 
the  attention  of  the  Boyal  Society,  which  has  admitted  of  late  so  many 
hasty  and  unsuhstantial  papers  into  its  Transactions  ;"  which  habit  he 
uged  them  to  reform.  The  same  aversion  to  the  undulatory  theory 
appeals  soon  after  in  another  article  by  the  same  reviewer,  on  the  sub- 
ject of  Wollaston's  measures  of  the  refraction  of  Iceland  spar ;  he  says, 
**  We  are  much  disappointed  to  find  that  so  acute  and  ingenious  an 
eiperimentalist  should  have  adopted  the  wild  optical  theory  of  vibra- 
tioiis."  The  reviewer  showed  ignorance  as  well  as  prejudice  in  the 
coarse  of  his  remarks ;  and  Young  drew  up  an  answer,  which  was  ably 
written,  but  being  published  separately  had  little  circulation.  We  can 
hardly  doubt  that  these  Edinburgh  reviews  had  their  effect  in  confirm- 
ing the  general  disposition  to  reject  the  undulatory  theory. 

We  may  add,  however,  that  Young's  mode  of  presenting  his  opinions 
was  not  the  most  likely  to  win  them  flavor;  for  his  mathematical  rea- 
soningB  placed  them  out  of  the  reach  of  popular  readers,  while  the 
want  of  symmetry  and  system  in  his  symbolical  calculationS|  deprived 
them  of  attractiveness  for  the  mathematician.  He  himself  gave  a 
very  just  criticiBm  of  his  own  style  of  writing,  in  speaking  on  another 
of  his  works  :*  ^  The  mathematical  reasoning,  for  want  of  mathemati- 
cal  symbols,  was  not  understood,  even  by  tolerable  mathematicians. 
Vtom  a  dislike  of  the  affectation  of  algebraical  formality  which  he  had 
observed  in  some  foreign  authors,  he  was  led  into  something  like  an 
affectation  of  simplicity,  which  was  equally  inconvenient  to  a  scientific 
reader." 

Young  appears  to  have  been  aware  of  his  own  deficiency  in  the 
power  of  drawing  public  fitvor,  or  even  notice,  to  his  discoveries.  In 
1802,  Davy  writes  to  a  friend,  "Have  you  seen  the  theory  of  my 
oalleagae,  Dr.  Young,  on  the  undulations  of  an  ethereal  medium  as 
the  caoae  of  light  ?  It  is  not  likely  to  be  a  popular  hypothesis,  after 
what  has  been  said  by  Newton  concerning  it  He  would  bo  very  much 
flattered  if  you  could  offer  any  observations  upon  it,  whetlier  for  or 
ogamsi  itj^  Young  naturally  felt  confident  in  his  power  of  refuting 
otijections,  and  wanted  only  the  opportunity  of  a  public  combat. 

Dr.  Brewster,  who  was,  at  this  period,  enriching  optical  knowledge 
with  so  vast  a  train  of  new  phenomena  and  laws,  shared  the  general 
avermon  to  the  undulatory  theory,  which,  indeed,  he  hardly  overcame 


*  See  lAfe  of  Twmg,  p.  64. 

Vol.  n.— a 


114  HISTOBY  OP  OPTICS. 

thirty  years  later.  Dr.  Wollaston  was  a  person  whose  character  led 
him  to  look  long  at  the  laws  of  phenomena,  before  he  attempted  tov 
determine  their  causes ;  and  it  does  not  appear  that  he  had  deddacL 
the  claims  of  the  rival  theories  in  his  own  mind.  Herschel  (I 
speak  of  the  son)  had  at  first  the  general  mathematical  prejodioe 
favor  of  the  emission  doctrine.  Even  when  he  had  himself  i 
and  extended  the  laws  of  dipolarizcd  phenomena,  he  translated 
into  the  language  of  the  theory  of  moveable  polarization.  In  1819,  ^^ 
he  refers  to,  and  corrects,  this  theory;  and  says,  it  is  now  "reUered'^ 
from  every  difficulty,  and  entitled  to  rank  with  the  fits  of  easy  tnn**'^ 
mission  and  reflection  as  a  general  and  simple  physical  law  ;**  a  jnit  ^ 
judgment,  but  one  which  now  conveys  less  of  praise  than  he  then  in-  "•* 
tended.  At  a  later  period,  ho  remarked  that  we  cannot  be  certain  that ^-' 
if  the  theory  of  emission  had  been  as  much  cultivated  as  that  of  nndn--^ 
lation,  it  might  not  have  been  as  successful;  an  opinion  which  was'-- 
certainly  untenable  after  the  fair  trial  of  the  two  theories  in  the  cms  ^'' 
of  difiraction,  and  extravagant  after  Frcsnel's  beautiful  explanation  of  ^''■ 
double  refraction  and  polarization.  Even  in  1827,  in  a  Treatise  en  Lights  -^ 
published  in  the  Encyclopcedia  MetropolitanOy  he  gives  a  section  to  the  '■' 
calculations  of  the  Newtonian  theory;  and  appears  to  consider  the  ":: 
rivalry  of  the  theories  as  still  subsisting.  But  yet  he  there  speaks  with  % 
a  proper  appreciation  of  the  advantages  of  the  new  doctrine.  AiUr  ^ 
tracing  the  prelude  to  it,  he  says,  ^  But  the  unpursued  speculations  of  'A 
Newton,  and  the  opinions  of  Hooke,  however  distinct,  must  not  be  pot  :^ 
in  competition,  and,  indeed,  ought  scarcely  to  be  mentioned,  with  the  .: 
elegant,  simple,  and  comprehensive  theory  of  Young, — a  theory  whichi  •: 
if  not  founded  in  nature,  is  certainly  one  of  tlie  happiest  fictions  that  r 
the  genius  of  man  ever  invented  to  grasp  together  natural  phenomena,  \ 
which,  at  their  first  discovery,  seemed  in  irreconcileable  opposition  to  »! 
it  It  is,  in  fact,  in  all  its  applications  and  details,  one  succession  of  < 
felicities  ;  insomuch,  that  we  may  almost  be  induced  to  say,  if  it  be  ; 
not  true,  it  deserves  to  be  so." 

In  France,  Young's  theory  was  little  noticed  or  known,  except  per- 
haps by  M.  Arago,  till  it  was  revived  by  Frcsnel.  And  though  FrcsneTs 
assertion  of  the  undulatory  theory  was  not  so  rudely  received  as  Young's 
had  been,  it  met  with  no  small  opposition  from  the  older  mathemati- 
cians, and  made  its  way  slowly  to  the  notice  and  comprehension  of  men 
of  science.  M.  Arago  would  perhaps  have  at  once  adopted  the  concep- 
tion of  transverse  vibrations,  when  it  was  suggested  by  his  fellow- 
ifborec,  Fre«nel,  if  it  had  not  been  that  he  was  a  member  of  the  Insti- 
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txite»  and  had  to  bear  the  brant  of  the  war,  in  the  frequent  discossions 
on  the  undolatory  theoiy ;  to  which  theory  Laplace,  and  other  leading 
memberB,  were  so  vehemently  opposed,  that  they  would  not  even  listen 
with  toleration  to  the  arguments  in  its  &vor.  I  do  not  know  how  &r 
influences  of  this  kind  might  operate  in  producing  the  delays  which 
took  place  in  the  publication  of  Fresnel's  papers.  We  have  seen  that 
he  arrived  at  the  conception  of  transverse  vibrations  in  1816,  as  the 
true  key  to  the  understanding  of  polarization.  In  1817  and  1818,  in 
a  memoir  read  to  the  Institute,  he  analysed  and  explained  the  perplex- 
ing phenomena  of  quartz,  which  he  ascribed  to  a  circular  polarization, 
lliiB  memoir  had  not  been  printed,  nor  any  extract  from  it  inserted  in 
the  scientific  journals,  in  1822,  when  he  confirmed  his  views  by  further 
experiments.^  His  remarkable  memoir,  which  solved  the  extraordinaiy 
and  capital  problem  of  the  connexion  of  double  refraction  and  crystal- 
lization, though  written  in  1821,  was  not  published  till  1827.  He 
appears  by  this  time  to  have  sought  other  channels  of  publication.  In 
1822,  he  gave,*  in  the  Annales  de  Ckimie  et  de  Physique,  an  explana- 
tion of  refraction  on  the  principles  of  the  undulatory  theory ;  alleging, 
as  the  reason  for  doing  so,  that  the  theory  was  still  little  known.  And 
in  succeeding  years  there  appeared  in  the  same  work,  his  theory  of  re- 
flection. His  memoir  on  this  subject  (Memoire  sur  la  Loi  des  Modifi- 
eaiiaru  que  la  Reflexion  imprime  d  la  Lumihre  Folarisiej)  was  read  to 
the  Academy  of  Sciences  in  1853.  But  the  original  paper  was  mis- 
laid, and,  for  a  time,  supposed  to  be  lost ;  it  has  since  been  recovered 
among  the  papers  of  M.  Fourier,  and  printed  in  the  eleventh  volume 
of  the  Memoirs  of  the  Academy.*  Some  of  the  speculations  to  which 
he  refers,  as  communicated  to  the  Academy,  have  never  yet  appeared.^ 
Still  Fresnel's  labors  were,  from  the  first,  duly  appreciated  by  some 
of  the  most  eminent  of  his  countrymen.  His  Memoir  on  Diffraction 
was,  as  we  have  seen,  crowned  in  1819  :  and,  in  1822,  a  Report  upon 
his  Memoir  on  Double  Refraction  was  drawn  up  by  a  commission 
consisting  of  MM.  Ampere,  Fourier,  and  Arago..  In  this  report*  Fres- 
neTs  theory  is  spoken  of  as  confirmed  by  the  most  delicate  tests.  The 
reporters  add,  respecting  his  '^  theoretical  ideas  on  the  particular  kind 
of  undulations  which,  according  to  him,  constitute  light,''  that  ^Mt 
would  be  impossible  for  them  to  pronounce  at  present  a  decided  judg- 


*  Herseh.  Light,  p.  589.  *  Anfi.  de  Ohim.  1822,  torn.  xxi.  p.  288. 

*  Iloyd.  Report  on  Optiee,  p.  868.    (Fourth  Bep.  of  Brit  An.) 

*  lb.  p.  S16„  note.  '  Ann.  (Mm.  torn.  zx.  p.  84S. 
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>ut  that  "  ihcy  hare  not  thonght  it  rigLt  to  delay  any  ioiij 
known  a  work  of  which  tho  dilBoiilty  Is  attested  by  tlie  fn 
rtfl  of  the  mo3t  stilful  philoaophere,  and  in  which  are  exLibii 
wme  brilliant  degree,  the  talent  for  experiment  and  the  Bp 
tion.'' 

e  meantime,  however,  a  controversy  between  the  theory 
ionfi  and  the  theory  of  moveable  polariaition  which  K,  E 
>poaed  with  a  \iew  of  accounting  for  the  colore  produced 
ling  crystals,  had  occurred  among  the  French  men  of  sciei 
ar  that  in  some  main  features  the  two  theories  coincide ;  ^ 
s  of  interference  in  the  one  theory  being  represented  by  ■ 
3  of  the  oscillations  in  the  other*     Eut  these  intervals  in 
xplanations  were  arbitrary  hypoUi caea^  suggested  by  these  * 
t^mselves ;  in  Freenera  theorj^j  they  were  essential  parts  of  ■ 
scheme,     M,  Biot^  indeed,  does  not  appear  to  have  1m 
mm  a  coalition ;  for  he  allowed*  to  Fresncl  that  **  the  the 
ilationa  took  tlic  phenomena  at  a  higher  point  and  can 
irther.'*     And  M,  Biot  could  hardly  Lave  dissented  from 
account  of  the  matter,  that  Fresnera  views  "  linked  tof/ethtf 

■ 
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in  iavor  of  the  theory  of  emission  among  mathematidans  of  emi- 
nence. After  this  crisis  of  the  war,  the  theory  of  moveable  polariza^ 
tion  lost  its  ground;  and  the  explanations  of  the  undulatory  theory, 
and  the  calculations  belonging  to  it,  being  published  in  the  ArmeUet 
de  Chimie  et  de  PhytiqtLey  of  which  M,  Arago  was  one  of  the  conduct- 
01%  soon  diffused  it  over  Europe. 

It  was  probably  in  consequence  of  the  delays  to  which  we  have 
referred,  in  the  publication  of  FresnePs  memoirs,  that  as  late  as  De- 
cember, 1826,  the  Imperial  Academy  at  St  Petersburg  proposed,  as 
one  of  their  prize-questions  for  the  two  following  years,  this, — ^**  To 
deliver  the  optical  system  of  waves  from  all  the  objections  which  have 
(as  it  appears)  with  justice  been  urged  against  it,  and  to  apply  it  to 
the  polarization  and  double  refraction  of  light.''  In  the  programme 
to  this  announcement,  Fresnel's  researches  on  the  subject  are  not 
alluded  to,  though  his  memoir  on  diHraction  is  noticed ;  they  were, 
therefore,  probably  not  known  to  the  Russian  Academy. 

Toung  was  always  looked  upon  as  a  person  of  marvellous  variety 
of  attainments  and  extent  of  knowledge;  but  during  his  life  he 
hardly  held  that  elevated  place  among  great  discoverers  which  poste- 
rity will  probably  assign  him.  In  1802,  he  was  constituted  Foreign 
Secretary  of  the  Royal  Society,  an  office  which  he  held  during  life ; 
in  1827  he  was  elected  one  of  the  eight  Foreign  Members  of  the  In- 
stitute of  France ;  perhaps  the  greatest  honor  which  men  of  science 
nsnally  receive.  The  fortune  of  his  life  in  some  other  respects  was  of 
a  mingled  complexion.  His  profession  of  a  phjrsician  occupied,  suffi- 
ciently to  fetter,  without  rewarding  him ;  while  he  was  Lecturer  at  the 
Royal  Institution,  he  was,  in  his  lectures,  too  profound  to  be  popular ; 
and  his  office  of  Superintendent  of  the  Nautical  Almanac  subjected 
him  to  much  minute  labor,  and  many  petulant  attacks  of  pamphleteers. 
On  the  other  hand,  he  had  a  leading  part  in  the  discovery  of  the  long- 
aoQght  key  to  the  Egyptian  hieroglyphics ;  and  thus  the  age  which 
was  marked  by  two  great  discoveries,  one  in  science  and  one  in  litera- 
ture, owed  them  both  in  a  great  measure  to  him.  Dr.  Young  died  in 
1829,  when  he  had  scarcely  completed  his  fifty-sixth  year.  Fresnel 
was  snatched  from  science  still  more  prematurely,  dying,  in  1827,  at 
the  eariy  age  of  thirty-nine. 

We  need  not  say  that  both  these  great  philosophers  possessed,  in  an 
eminent  degree,  the  leading  characteristics  of  the  discoverer's  mind, 
perfect  clearness  of  view,  rich  fertility  of  invention,  and  in^nse  love 
of  knowledge.    We  cannot  read  without  great  interest  a  letter  of 
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Presnel  to  Young,"  in  November,  1824  :  "  For  a  long  time  that  md-  - 
ability,  or  that  vanity,  which  people  call  love  of  glory,  is  mnch  Uaaled 
in  me.  I  labor  much  less  to  catch  the  suffrages  of  the  public,  thaa  t» 
obtain  an  inward  approval  which  has  always  been  the  sweetest  rewsid  | 
of  my  efforts.  Without  doubt  I  have  often  wanted  the  spur  of  Taiiifj  > 
to  excite  me  to  pursue  my  researches  in  moments  of  disgust  and  di^  ^^, 
couragement  But  all  the  compliments  which  I  have  received  from  r^ 
MM.  Arago,  De  Laplace,  or  Blot,  never  gave  me  so  much  pleasure  m  ^ 
the  discovery  of  a  theoretical  truth,  or  the  confirmation  of  a  calcobf  ,^ 
tion  by  experiment"  ^  i 

Though  Young  and  Fresnol  were  in  years  the  contemporaries  of  ^ 
many  who  are  now  alive,  we  must  consider  ourselves  as  standing  U^  .^ 
wards  them  in  the  relation  of  posterity.  The  Epoch  of  Indactkm  i 
in  Optics  is  past ;  we  have  now  to  trace  the  Verification  and  Apfdka*  . . 
tion  of  the  true  theory. 


CHAPTER  XIII. 
Confirmation  and  Extension  of  the  Undulatort  Thxo&t. 

AFTER  the  undulatory  theory  had  been  developed  in  all  its  main 
features,  by  its  great  authors,  Young  and  Fresnel,  although  it 
bore  marks  of  truth  that  could  hardly  be  fallacious,  there  was  still 
here,  as  in  the  case  of  other  great  theories,  a  period  in  which  difficul- 
ties were  to  be  removed,  objections  answered,  men's  minds  familiaiiaed 
to  the  new  conceptions  thus  presented  to  them ;  and  in  which,  also,  it 
might  reasonably  be  expected  that  the  theory  would  be  extended  to 
facts  not  at  first  included  in  its  domain.  This  period  is,  indeed,  thai 
in  which  we  are  living  ;  and  we  might,  perhaps  with  propriety,  avoid 
the  task  of  speaking  of  our  living  contemporaries.  But  it  would  bo 
unjust  to  the  theory  not  to  notice  some  of  the  remarkable  events, 
characteristic  of  such  a  period,  which  have  already  occurred ;  and  this 
may  be  done  very  simply. 


"  I  was  able  to  give  this,  and  8ome  other  extracts}  from  the  then  oneditad 
correspondence  of  Young  and  Fresnel,  by  the  kindness  of  (the  Dean  of  Ely) 
Professor  Peacock,  of  Trinity  College,  Cambridge,  whose  life  of  Dr.  Young  hia 
since  been  published. 
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In  the  case  of  this  great  theory,  as  in  that  of  gravitation,  by  &r  the 
most  remarkable  of  these  confirmatory  researches  were  conducted  by 
the  authors  of  the  discovery,  especially  Fresnel.  And  in  looking  at 
what  he  conceived  and  executed  for  this  purpose,  we  are,  it  appears  to 
me,  strongly  reminded  of  Newton,  by  the  wonderful  inventiveness  and 
sagacity  with  which  he  devised  experiments,  and  applied  to  them 
mathematical  reasonings. 

1.  DtmhU  JRefraction  of  Compressed  Glass. — One  of  these  confir- 
matory experiments  was  the  production  of  double  refraction  by  the 
compression  of  glass.  Fresnel  observes,*  that  though  Sir  D.  Brewster 
had  shown  that  glass  under  compression  produced  colors  resembling 
those  which  are  given  by  doubly-refracting  crystals,  "very  skiifhl 
physicists  had  not  considered  those  experiments  as  a  sufficient  proof 
of  the  bifurcation  of  the  light"  In  the  hypothesis  of  moveable  pola- 
rization, it  is  added,  there  is  no  apparent  connexion  between  these 
phenomena  of  coloration  and  double  refraction;  but  on  Young's 
theory,  that  the  colors  arise  from  two  rays  which  have  traversed  the 
crystal  with  different  velocities,  it  appears  almost  unavoidable  to 
admit  also  a  difference  of  path  in  the  two  rays. 

^  Though,"  he  says,  ^  I  had  long  since  adopted  this  opinion,  it  did 
not  appear  to  me  so  completely  demonstrated,  that  it  was  right  to  ne- 
glect an  experimental  verification  of  it;"  and  therefore,  in  1819,  he 
proceeded  to  satisfy  himself  of  the  fact,  by  the  phenomena  of  diffrac- 
tion. The  trial  left  no  doubt  on  the  subject;  but  he  still  thought  it 
would  be  interesting  actually  to  produce  two  images  in  glass  by  com- 
pression ;  and  by  a  highly-ingenious  combination,  calculated  to  exag- 
gerate the  effect  of  the  double  refraction,  which  is  very  feeble,  even 
when  the  compression  is  most  intense,  he  obtained  two  distinct 
images.  This  evidence  of  the  dependence  of  dipolarizing  structure 
upon  a  doubly-refracting  state  of  particles,  thus  excogitated  out  of  the 
general  theory,  and  verified  by  trial,  may  well  be  considered,  as  he 
says,  **  as  a  new  occasion  of  proving  the  infisdlibility  of  the  principle  of 
interferences." 

2.  Circular  Polarization, — ^Fresnel  then  turned  his  attention  to 
another  set  of  experiments,  related  to  this  indeed,  but  by  a  tie  so 
recondite,  that  nothing  less  than  his  clearness  and  acuteness  of  view 
could  have  detected  any  connexion.  The  optical  properties  of  quartz 
had  been  perceived  to  be  peculiar,  from  the  period  of  the  discovery 


*  Ann.  de  Chim,  1822,  torn.  zx.  p.  877. 
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of  dipolarized  colors  by  MM.  Arago  and  Biot.  At  the  end  of  the 
Notice  just  quoted,  Fresnel  says,'  "  As  soon  as  my  occupations  pennit 
me,  I  propose  to  employ  a  pile  of  prisms  similar  to  that  which  I  haTe 
described,  in  order  to  study  the  double  refraction  of  the  rays  whieh 
traverse  crystals  of  quartz  in  the  direction  of  the  axis.''  He  then  tbii- 
turcs,  without  hesitation,  to  describe  beforehand  what  the  phenomena 
will  be.  In  the  Bulletin  des  Sciencet^  for  December,  1822,  it  is 
stated  that  experiment  had  confirmed  what  he  had  thus  announced. 

The  phenomena  are  those  which  have  since  been  spoken  of  as  cnciir 
lar  polarization  ;  and  the  term  first  occurs  in  this  notice.*  They  an 
very  remarkable,  both  by  their  resemblances  to,  and  their  differeneei 
from,  the  phenomena  of  plane-polarized  light  And  the  manner  in 
which  Fresnel  was  led  to  this  anticipation  of  the  £eu;ts  is  still  more 
remarkable  than  the  facts  themselves.  Having  ascertained  by  observa* 
tion  tliat  two  dificrently-polarizcd  rays,  totally  reflected  at  the  internal 
sur&ce  of  glass,  sufier  different  retardations  of  their  undulationSi  he 
applied  tlic  formulio  which  he  had  obtained  for  the  polarizing  effect  of 
reflection  to  Uiis  case.  But  in  this  case  the  formulae  expressed  an 
impossibility;  yet  as  algebraical  formula),  even  in  such  cases,  have 
often  some  meaning,  ^^  I  interpreted,"  he  says,*  "•  in  the  manner  which 
appeared  to  me  most  natural  and  most  probable,  what  the  analyaii 
indicated  by  this  imaginary  fonn ;"  and  by  such  an  interpretation  he 
collected  the  law  of  the  difference  of  undulation  of  the  two  rays.  He 
was  thus  able  to  predict  that  by  two  internal  reflections  in  a  rhomi^ 
or  pandlclopiped  of  glass,  of  a  certain  form  and  position,  a  polariied 
ray  would  acquire  a  circular  undulation  of  its  particles ;  and  this  con- 
stitution of  the  ray,  it  appeared,  by  reasoning  further,  would  ahow 
itself  by  its  possessing  peculiar  properties,  partly  the  same  as  those  of 
polarizeil  light,  and  partly  different.  This  extraordinary  anticipation 
was  exactly  confirmed;  and  thus  the  apparently  bold  and  strange 
gncss  of  the  author  was  fully  justified,  or  at  least  assented  to,  even  by 
the  most  cautions  philosophers.  ^*  As  I  cannot  appreciate  the  mathe- 
matical evidence  for  the  nature  of  circular  polarization,"  says  Piof 
Airy,*  "  I  shall  mention  the  experimental  evidence  on  which  I  receive 
it"    The  conception  has  since  been  universally  adopted. 

But  Fresnel,  having  thus  obtained  circularly-polarized  rays,  saw 


*  Ann,  de  Chim.  1822,  torn.  zx.  p  882. 

*  lb.  Ann.  de  Chim,  1822,  torn.  xx.  p.  191.  *  lb.  p  194. 

*  Bullet,  det  8c.  1828,  p.  S3.  *  Comb.  Trant,  vol  iv.  p.  81, 1881. 
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that  he  could  account  for  the  phenomena  of  quartz,  already  observed 
by  M.  Arago^  as  we  have  noticed  in  Chap,  ix.,  by  suppoeing  two  cireu- 
krly-polariied  rays  to  pass,  with  different  velocities,  along  the  axis. 
jQie  curious  succession  of  colors,  following  each  other  in  right-handed 
or  left-handed  circular  order,  of  which  we  have  already  spoken,  might 
thus  be  hypothetically  explained. 

But  was  this  hypothesis  of  two  circularly-polarized  rays,  travelling 
along  the  axis  of  such  crystals,  to  be  received,  merely  because  it 
accounted  for  the  phenomena }  Fresnel's  ingenuity  again  enabled  him 
to  avoid  such  a  defect  in  theorizing.  If  there  were  two  such  rays, 
they  might  be  visibly  separated^  by  the  same  artifice,  of  a  pile  of 
prisms  properly  achromatized,  which  lie  had  used  for  compressed  glass. 
The  result  was,  that  he  did  obtain  a  visible  separation  of  the  rays ; 
and  this  result  has  since  been  confirmed  by  others,  for  instance,  Pro- 
fessor Airy.'  The  rays  were  found  to  be  in  all  respects  identical  with 
the  ciicularly-polarized  rays  produced  by  the  internal  reflections  in 
Fresnel's  rhomb.  This  kind  of  double  refraction  gave  a  hypothetical 
explanation  of  the  laws  which  M.  Biot  had  obtained  for  the  phenomena 
of  this  class ;  for  example,*  the  rule,  that  the  deviation  of  the  plane  of 
polarization  of  the  emergent  ray  is  inversely  as  the  square  of  the  length 
of  an  undulation  for  each  kind  of  rays.  And  thus  the  phenomena 
produced  by  light  passing  along  the  axis  of  quartz  were  reduced  into 
complete  conformity  with  the  theory. 

[2nd  Ed.]  [I  believe,  however,  Fresnel  did  not  deduce  the  pheno- 
menon from  the  mathematical  formula,  without  the  previous  sugges- 
tion of  experiment.  He  observed  i^pearances  which  implied  a  differ- 
ence of  retardation  in  the  two  difierently-polarized  rays  at  total  reflec- 
tion; as  Sir  D.  Brewster  observed  in  reflection  of  metals  phenomena 
having  a  like  character.  The  general  &ct  being  observed,  Fresnel 
used  the  theory  to  discover  the  law  of  thistretardation,  and  to  deter- 
mine a  construction  in  which,  one  ray  being  a  quarter  of  an  undula- 
tion retarded  more  than  the  other,  circular  polarization  would  be  pro- 
duced. And  this  anticipation  was  verified  by  the  construction  of  his 
rkcmb. 

As  a  still  more  curious  verification  of  this  law,  another  of  Fresnd's 
experiments  may  be  mentioned.  He  found  the  proper  angles  for  a 
circularly-polarizing  glass  rhomb  on  the  supposition  that  there  were 


'  Btdl.  dei  8c.  1822,  p  193.  *  Cambridge  TVatit,  iv.  p.  80. 

'.Sn^ifet/Sc.  1822,  p  197. 


HlflTOBY  or  OPTICS, 


Iternal  rel3cclions  inBtead  of  two;  two  of  the  foiir  taking  pli 
Tie  surface  of  the  glass  was  dry,  and  two  when  it  was  wet  1 
Was  made  ]  and  when  all  the  point*  of  reflection  were  diy,  1 
I^LS  not  circularly  polariaeJ ;  when  two  points  were  wrt,  1 

i  circularly  polarized ;  and  when  all  fonr  wcro  wet,  it  was  i 
by  polarized.] 

VUpiical  Polarhation  in  Quartz, — We  now  ooiue  to  one  of  1 
litioDS  to  FresnclV  theory  which  have  been  shown  to  be  nee 

le  had  accounted  fully  for  the  colors  produced  by  the  n 
travel  alonf^  the  axis  of  quartz  crystals;  and  thu?^  fiir  the 

changes  of  tlie  central  spot  which  is  produced  when  pol 
lit  passes  through  a  transverse  plate  of  such  CTy8tal&  But  t 
I  spot  is  surrounded  by  rings  of  colors.  How  is  the  theory 
lidcd  to  these ) 

extension  has  been  sncccasfiilly  made  by  Professor  Aii; 
lothesia  is,  that  as  rays  passing  along  the  axis  of  a  <juarte  or 
I  circularly  polarized,  rays  which  are  oblique  to  the  axis  ! 
Illy  polarized,  the  amount  of  elliptieity  depending,  in  «6 
111  manner^  npon  the  oblt^^uity  ;  and  that  each  ray  i^  soparal 
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aaj  «ini^;«iiMiit  ol  tiie  partjoktcf 
Ma  manhMtieJIy  be  prodboad;  and 
r,  uMue  Mvme  Adds  and  mi 
upon  Vf^if  in  which  oiMtwo< 
of  the  pertiolei^  noh  m  iid|^  farm 
leqanto  fcr  Ihe  pmpoie.  Accofding^i  it  doee  nol 
one  has  been  able  to  nggeat  eren  a  plannUe  hjiK^ 
on  thai  adfajeet  Te^  efen  hera^  imneihTiig  has  been  doMk 
Colkf^  of  Dobliny  has  diioomed  that  bj  iBg^ 
MM&fytietd  jjjmfliiioiii  lenUbiff  ftom  the  common  case 
er>4»  feopagnlbB  of  Ij^  we  ma^  obtain  other  oipwsriona  whiflb 
to  inch  motiona  aa  ptodnoe  circnlar  and  eDiptieal 
And  thoog^  we  cannot  aa  yet  amign  the  mechanical 
of  the  hmgoage  of  analyna  tiios  genemlind,  fliis  gene» 
IP  together  and  eqiUna  by  one  common  nomerieal  aqh 
dWnct  dMNS  of  AMSta ;--«  dnomitaace  which,  in  aB 
•n  hypothmii  to  a  wf  fimuaUe  oooaidemtion. 
Ife  Mas  CMlag^'b  amomption  consists  in  adding  to  the  two  eqpatioaa 
ef  mstfSB  wUeh  are  eqnessed  by  means  of  second  diSerantiali^  tivo 
ehvivna  iny^Jfing  third  difefentiah  in  a  simple  and  symmetrical 
In  doing  thii^  he  introdnces  a  coeffloienti  of  which  the 
determines  both  the  amonnt  of  rotation  of  the  polarization 
of  a  ntf  passing  along  the  axis,  as  obseryed  and  measared  by  Biot» 
ad  the  ellipticity  of  the  polarisation  of  a  ray  which  is  oblique  to  the 
n^  according  to  Mr.  Aiiy's  theory,  of  which  ellipticity  that  philoso- 
pher alao  had  obtained  certain  measnres.  The  agreement  between 
tke  tivo  seta  of  measures"  thus  brought  into  connexion  is  such  as  yery 
drikingly  to  confirm  Mr.  Mac  Cnllagh's  hypothesis.  It  appears  pro- 
biUfl^  too,  that  the  confirmation  of  this  hypothesis  inYolyes,  although 
is  an  obecore  and  oracular  form,  a  confirmation  of  the  undulatoiy 
theoty,  which  is  the  stsrting-point  of  this  curious  speculation. 

5.  SlUpikal  PolaritaUon  of  Metals, — ^The  effect  of  metals  upon 
&e  lig^t  which  they  reflect,  was  known  from  the  first  to  be  different 
(ram  that  which  transparent  bodies  produce.  Sir  Dayid  Brewster, 
who  has  recently  examined  this  subject  yery  fully,'*  has  described 
tlie  modification  thus  produced,  as  elliptic  polarization.  In  employing 
tkift  term,  **he  seems  to  haye  been  led,"  it  has  been  observed,"  "by  a 


■Jibyfl/z^TVwu.  isss.  «  PAO.  arvont.  issa 

''Uvfd.JUpart cm  OpiiM,]^i1%    (Brit  Amoo.) 
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desire  to  avoid  as  much  as  possible  all  reference  to  theory.  The  kwa^^ 
which  he  has  obtained,  however,  belong  to  elliptically-|K^ariaed  ]^|^*i2 
in  the  sense  in  which  the  term  was  introdnced  by  Freanel.**  And  Hit's 
identity  of  the  light  produced  by  metallic  reflection  with  the  iilli|iiie  ii 
ally-polariEed  light  of  the  wave-theory,  is  placed  beyond  all  doable  If  an 
an  observation  of  Professor  Airy,  that  the  rings  of  nniazal  dyrtri^ :' 
produced  by  Fresnel's  elliptically-polarized  light,  are  exactly  the  anMiiG 
as  those  produced  by  Brewster's  metallic  light  112 

6.  NewtoiCs  Eings  hy  Polarized  Light — Other  modifications  of  the  « 
phenomena  of  thin  plates  by  the  use  of  polarised  light,  supplied  other  «b; 
striking  confirmations  of  the  theory.  These  were  in  one  caae  tke':^ 
more  remarkable,  since  the  result  was  foreseen  by  means  of  a  rigosoos  i, 
application  of  the  conception  of  the  vibratory  motion  of  lights  Md  ^ 
confirmed  by  experiment  Professor  Airy,  of  Cambridge,  was  led  bj  g^ 
his  reasonings  to  see,  that  if  Newton's  rings  are  produced  between  a  i^^ 
lens  and  a  plate  of  metal,  by  polarized  light,  then,  up  to  the  polatiiiDg  ^ 
angle,  the  central  spot  will  be  black,  and  instantly  beyond  this^  it  will  ,^ 
be  white.  In  a  note,'*  in  which  he  announced  this,  he  says,  "  Thk  I  ^ 
anticipated  from  Fresnel's  expressions ;  it  is  confirmatory  of  HtBKDf  t 
and  defies  emission."  Ho  also  predicted  that  when  the  rings  weie 
produced  between  two  substances  of  vciy  different  refractive  powen^ 
the  centre  would  twice  pass  from  black  to  white  and  from  white  to 
black,  by  increasing  the  angle ;  which  anticipation  was  fulfilled  hy 
using  a  diamond  for  the  higher  refraction.'* 

7.  Conical  Refraction, — In  the  same  manner.  Professor  Hamilton 
of  Dublin  pointed  out  that  according  to  the  Fresnelian  doctrine  of 
double  refinction,  there  is  a  certain  direction  of  a  crystal  in  which  a 
single  ray  of  light  will  be  refracted  so  as  to  form  a  conical  penaL 
For  the  direction  of  the  refracted  ray  is  determined  by  a  plane  which 
touches  the  wave  surfiu^  the  rule  being  that  the  ray  must  pass  froBi 
the  centre  of  the  snrface  to  the  point  of  contact ;  and  though  in 
general  this  contact  gives  a  single  point  only,  it  so  happens,  from  the 
peculiar  inflected  form  of  the  wave  sur£Etcc,  which  has  what  is  called 
a  cusp,  that  in  one  particular  position,  the  plane  can  touch  the  sniftoe 
in  an  entire  circle.    Thus  the  general  rule  which  assigns  the  path  of 


"  Addressed  to  myself  dated  May  28, 1881.  I  ought,  however,  to  notioe, 
that  thiB  experiment  had  been  made  by  11  Arago,  fifteen  yean  aariier,  and 
published :  though  not  then  recollected  by  Mr.  Airy. 

>*  Comb.  TVam.  vol  il  p  409. 
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tbe  xefiracted  ray,  would,  in  this  case,  gaide  it  from  the  centre  of  tixe 
mAce  to  ewery  point  in  the  circumference  of  the  circle,  and  thus  make 
k  ft  eonc.  This  very  carious  and  unexpected  result,  which  Professor 
HflDilkon  thus  obtained  from  the  theory,  his  friend  Professor  Lloyd 
««ified  as  an  experimental  &ct.  We  may  notice,  also,  that  Professor 
Iloyd  iouiid  the  light  of  the  conical  pencil  to  be  polarized  according 
U>  a  law  of  an  unusual  kind ;  but  one  which  was  easily  seen  to  be  in 
eomplete  accordance  with  the  theory. 

8.  FrhtgeM  of  Shadows, — ^The  phenomena  of  the  fringes  of  shor 

iomt  of  small  holes  and  groups  of  holes,  which  had  been  the  subject 

of  esperiment  by  Fraunhofer,  were  at  a  later  period  carefully  observed 

ia  a  vast  variety  of  cases  by  M.  Schwerd  of  Spires,  and  published  in  a 

sepanle  work,  "  Beugungs-eracheinunpen  (Phenomena  of  Inflection), 

1836.    lathis  Treatise,  the  author  has  with  great  industry  and  skill 

<*«l^^^«*^  the  integrals  which,  as  we  have  seen,  are  requisite  in  order 

to  tiaoe  the  consequences  of  the  theory ;  and  the  accordance  whidi 

he  fiadi  between  these  and  the  varied  and  brilliant  results  of  observa- 

tioo  ii  throughout  exact    ^  I  shall,''  sajrs  he,  in  the  pre&ce,"  ^  prove 

by  the  present  Treatise,  that  all  inflection-phenomena,  through  open- 

tagi  of  any  form,  size,  and  arrangement,  are  not  only  explained  by  the 

mdaktion-iheoTy,  but  that  they  can  be  represented  by  analytical  ex- 

presiona)  determining  the  intensity  of  the  light  in  any  point  what- 

eier."     And  he  justly  adds,  that  the  undulation-theory  accounts  for 

the  phenomena  of  light,  as  completely  as  the  theory  of  gravitation 

"i'Xs  for  the  facts  of  the  solar  system. 

9.  Ohjeciion^  to  the  Theory, — We  have  hitherto  mentioned  only 
c««  in  which  the  undiilatory  theory  was  either  entirely  successful  in 
tip!aining  the  facts,  or  at  least  hypothetically  consistent  with  them  and 
with  itself.  But  other  objections  were  started,  and  some  difficulties 
were  loncc  considered  as  very  embarrassing.  Objections  were  made  to 
the  theory  by  some  English  experimenters,  as  Mr.  Potter,  Mr.  Barton, 
and  others.  These  appeared  in  scientific  journals,  and  were  afterwards 
aiBwerc»l  in  similar  publications.  Tlie  objections  depended  partly  on 
the  measure  of  the  intensity  of  light  in  the  different  points  of  tlic 
phenomena  (a  datum  which  it  is  very  difficult  to  obtain  with  accuracy 


''  DU  Beuyunfft-erMcheinungen,  au8  dem  Fundamental-gesetz  der  Undulationt- 
Theorie  analytiuh  entwickelt  und  in  Bildem  dargettellt,  von  F.  M.  Schwerd 
Mftonheim,  1835. 

••  Dated  Speyer,  Aug.  1886. 
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by  experiment),  and  partly  on  misconceptiona  of  the  theory;  and  I— 
believe  there  are  none  of  them  which  would  now  be  insisted  on.  '^ 

We  may  mention,  also,  another  difficulty,  which  it  was  tfas  ^ 
habit  of  the  opponents  of  the  theory  to  urge  as  a  reproach  agUMt '  k 
it,  long  after  it  had  been  satisfactorily  explained :  I  mean  the  haU^  ■& 
undulation  which  Young  and  Fresnel  had  found  it  noccssaiy,  ]B<v 
some  cases,  to  assume  as  gained  or  lost  by  one  of  the  rays.  Though  ^'^ 
they  and  their  followers  could  not  analyse  the  mechanism  of  reflectkm  '•': 
with  sufficient  exactness  to  trace  out  all  the  circumstances,  it  waa  not  c 
difficult  to  see,  upon  FresneFs  principles,  that  reflection  from  the  intb-  :i.i 
rior  and  exterior  surface  of  glass  must  be  of  opposite  kinds,  whkih  tk 
might  be  expressed  by  supposing  one  of  these  rays  to  lose  half  an  ^»\ 
undulation.  And  thus  there  came  into  view  a  justification  of  the  afeep  :; 
which  had  originally  been  taken  upon  empirical  grounds  alone. 

10.  Dispersion^  on  the  Undulatory  Theory, — ^A  difficulty  of  another  >: 
kind  occasioned  a  more  serious  and  protracted  embarrassment  to  tbe  t. 
cultivators  of  this  thcoty.    This  was  the  apparent  impossibility  of  v, 
accounting,  on  the  theory,  for  the  prismatic  dispersion  of  color.    For  '^ 
it  had  been  shown  by  Newton  that  the  amount  of  refraction  is  dif-  ,. 
ferent  for  every  color ;  and  the  amount  of  refraction  depends  on  the  , 
velocity  with  which  light  is  propagated.    Yet  the  theory  suggested  no  ^ 
reason  why  the  velocity  sliould  be  diflferent  for  different  colors  :  for,  by 
mathematical  calculation,  vibrations  of  all  degrees  of  rapidity  (in  ^ 
which  alone  colors  differ)  are  propagated  with  the  same  speed.     Nor 
does  analogy  lead  us  to  expect  this  variety.    There  is  no  such  difr 
ference  between  quick  and  slow  waves  of  air.     The  sounds  of  the 
deepest  and  the  highest  bells  of  a  peal  are  heard  at  any  distance  in 
the  same  order.    Here,  therefore,  the  theory  w^as  at  fault 

But  this  defect  was  far  from  being  a  fatal  one.  For  though  the 
theory  did  not  explain,  it  did  not  contradict,  dispersion.  The  suppo- 
sitions on  which  the  calculations  had  been  conducted,  and  the  analogy 
of  sound,  were  obviously  in  no  small  degree  precarious.  The  vclocitf 
of  propagation  might  differ  for  different  rates  of  undulation,  in  virtoe 
of  many  causes  which  would  not  affect  the  general  theoretical 
results. 

Many  such  hypothetical  causes  were  suggested  by  various  eminent 
mathematicians,  as  solutions  of  this  conspicuous  difficulty.  But  with- 
out dwelling  upon  these  conjectures,  it  may  suffice  to  notice  that 
hypothesis  upon  which  the  attention  of  mathematicians  was  soon  con- 
centrated.   Tliis  was  the  hypothesis  of  finite  intervals  between  the 
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fmAk%  <tf  the  ether.    The  length  of  one  of  those  uiululfttions  which 

fiodttee  liglit,  m  a  very  KmaJl  (quantity,  its  miitan  vaJmi  being  l-^0,000tJi 

if  fa  i&di ;  liat  in  tbe  prf;vioii«  invcstigationa  of  the  coiisoqucnccs  of 

ike  Lhmry,  ji  haA  henn  Aasumeii  that  tho  distance  frum  cndi  other,  of 

tW  p«Jlicic*  of  tHe  ethi^f  ffhifih,  by  their  attraclioti*  or  rt^pulsions, 

iKe  iwdulfitionjs  to  be  prv.>pftgat<vi  is  indefinitely  ItiKt  thaT»  this 

i|Qa]itiiy  : — so  thAt  iU  amount  might  be  neglcct<?il  in  Uie  chs*« 

A  «h>cb  the  Iriigth  of  the  undulation  wna  onf^  of  tho  quantities  which 

4clcf&tttusd  the  result.     But  this  assumption  was  ntado  arl:>itTarily,  as  a 

4t^  of  MOiptiflcation,  :^ttU  becnnse  it  wa»  imagined  that^  in  t\m  way^  a 

SBUcr  approach  wah  made  to  the  ca&e  of  a  continnoua  fluid  ethoi; 

vhidfe  tiko  loppoailion  of  distinct  partii^lcs  imperfectly  represented.    It 

vift  iqU  free  for  mathematict&ri^  to  prot(^e<l  upon  the  oppoisite  assurap^ 

iKn,  c(  particle  of  whieh  tlia  Utatanct^s  were  finite,  either  a^  a  mathe- 

laiift    of  calculation^  or  aa  a   physical  hypothesis;    and   it 

I&  bd  aeea  ift  whi^n  this  was  done,  the  velocity  of  light  would 

sua  for  different  kn^hs  of  nndnktioQ,  that  la,  for  ditlercnt 

IL  Caiichy,  calculating,  upon  the  most  ^enenii  pnnciplcs,  tJie 

of  yutrb  A  collection  of  particles  ns  would  form  an  elafitie  medimn, 

rvi;tilU  which  included  the  now  extenuioti  of  the  pre v ions 

Pn>fcj^or  Powell,  of  Oxford,  applied  himself  to  rednce  to 

and  to  compare  with    experiment,  the  result  of  the«e 

And  it  appeare*]  that,  on  iL  Cauchy*s  principle^  a  varia- 

m  the  velocity  of  Jight  is  producer!  by  a  variation  in  the  length  of 

VBTtf  pfxkvided  that  the  interval  between  the  molecules  of  the 

V  bgan  m  sensible  ratio  to  the  length  of  an  undulation/'     Profea^r 

obtained  also,  from  the  general  espreaaions,  a  formula  expreBs- 

i^tke  relation  between  the  refractive  index  of  a  ray,  and  the  length 

<(a  wave,  Jir  the  color  of  light."     It  then  became  his  Uwk  to  a«rer- 

ttta  whether  this  relation  obtained  experimentally ;  and  he  found  a 

^ay  dova  AgreejDent  between  the  immbers  which  result^  from  the 

and  those  observed  by  Fraunhoftr,  for  ten  different  kinds  of 

uuncly,  certain  glasses  and  flnidfl,*'     To  ihew  he  afterwards 

tea  other  cases  of  crj^staU  obeervi^d  by  M,  Rudberg."     Mr, 

of  Cambridge,  also  calculated,  in  a  manner  somewhat  different, 

r^nlta  of  the  same  hypotheab  of  finite  intervals  ;*'  and,  obtaining 


•  Phil  Jffl^,  ToL  tI.  p.  2a*.  *  IK  voL  vii  laafi,  pw  166* 
■  PkiL  7Va*u.  1836,  p.  249.  "  lb,  I&3fl,  ^  17. 

*  COMI^  TVoM  Tfli  Ti.  p,  153.  —- 
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^ment),  &nd  partly  on  miacoQceptioDa  of  the  theory ;  and 

bere  are  noce  of  them  wLicli  woold  now  be  icaisted  on* 

Q&y    meotioD,    also,    aiiother  JiiScaUy,    which    it    waa   tl 

the  oppoDctitfk  of  the  theory  to  \irge  as  a  reproach  Again 

lafter  it  had  beeti  satisfactorily  eipUtnod :  I  mean  the  Mai 

lion  whioh  Young  and   Fresnel    hud  fonnd    it    neccsBaiTt  : 

0^  to  assume  as  gained  or  tost  by  one  of  the  rays.     Thon^ 

[  their  foHowere  eodd  not  analyse  the  mcehanism  of  relieetit 

Soient  ciactueds  to  trace  out  all  the  circumetaneea,  it  was  tu 

^  see,  upon  Freancl's  principles^  that  reflection  frorn  the  int 

exterior  tiurfaec  of  glass  nmst  be  of  opposite  kiods  whi< 

expressed  by  supposing  one  of  theeo  rays  to  lose  half  I 

Ion,    And  thus  there  came  into  view  a  justification  of  the  ab 

lad  originally  been  taken  upon  empiric^  grounds  ilone. 

JUpertion^  on  the  Unduiator^  Theory. — A  difficulty  of  anoth 

casioned  a  more  serious  and  protracted  embanmssinent  to  tl 

[>r&  of  this  theory.     This  was  the  apparent  impooathihty  i 

llngf  on  the  theory,  for  the  prismatic  dispersion  of  color.     B 

shown  by  Newton  tliat  the  amount  of  refraction  i%  i 

^rerv  color :  and  the  amotint  of  refraction  depcuda  on  tl 
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particles  of  the  ether.  The  length  of  one  of  those  nndulations  which 
produce  lights  is  a  veiy  small  quantity,  its  mean  value  being  l-50,000th 
<^  an  inch ;  but  in  the  previous  investigations  of  the  consequences  of 
the  theory,  it  had  been  assumed  that  the  distance  from  each  other,  of 
the  particles  of  the  ether,  which,  by  their  attractions  or  repulsions, 
caused  the  undulations  to  be  propagated,  is  indefinitely  less  than  this 
small  quantity ; — so  that  its  amount  might  be  neglected  in  the  cases 
in  which  the  length  of  the  undulation  was  one  of  the  quantities  which 
determined  the  result.  But  this  assumption  was  made  arbitrarily,  as  a 
step  of  simplification,  and  because  it  was  imagined  that,  in  this  way,  a 
nearer  approach  was  made  to  the  case  of  a  continuous  fluid  ether, 
which  the  supposition  of  distinct  particles  imperfectly  represented.  It 
was  still  free  for  mathematicians  to  proceed  upon  the  opposite  assump- 
tion, of  pi^cles  of  which  the  distances  were  finite,  either  as  a  mathe- 
matical basis  of  calculation,  or  as  a  physical  hypothesis;  and  it 
renuuned  to  be  seen  if,  when  this  was  done,  the  velocity  of  light  would 
still  be  the  same  for  different  lengths  of  undulation,  that  is,  for  different 
colors.  M.  Cauchy,  calculating,  upon  the  most  general  principles,  the 
motion  of  such  a  collection  of  particles  as  would  form  an  elastic  medium, 
obtained  results  which  included  the  new  extension  of  the  previous 
hypothesis.  Professor  Powell,  of  Oxford,  applied  himself  to  reduce  to 
calculation,  and  to  compare  with  experiment,  the  result  of  these 
researches.  And  it  appeared  that,  on  M.  Cauchy's  principles,  a  varia- 
tion in  the  velocity  of  light  is  produced  by  a  variation  in  the  length  of 
the  wave,  provided  that  the  interval  between  the  molecules  of  the 
ether  bears  a  sensible  ratio  to  the  length  of  an  undulation.^*  Professor 
Powell  obtained  also,  from  the  general  expressions,  a  formula  express- 
ing the  relation  between  the  refractive  index  of  a  ray,  and  the  length 
of  a  wave,  or  the  color  of  light.*®  It  then  became  his  task  to  ascer- 
tain whether  this  relation  obtained  experimentally ;  and  he  found  a 
very  dose  agreement  between  the  numbers  which  resulted  from  the 
formula  and  those  observed  ,by  Fraunhofer,  for  ten  different  kinds  of 
media,  namely,  certain  glasses  and  fluids.*^  To  these  he  afterwards 
added  ten  other  cases  of  crystab  observed  by  M.  Rudberg.**  Mr. 
Kelland,  of  Cambridge,  also  calculated,  in  a  manner  somewhat  different, 
the  results  of  the  same  hypothesis  of  finite  intervals  ;**  and,  obtaining 


»  PkiL  Mag,  vol  vi  p.  266.  "  lb.  vol.  vil  18»5,  p.  266. 

«  PkiL  TVaru.  1886,  p.  249.  »  lb.  1886,  p.  11, 

*  Comb.  TVaiM.  voL  vl  p.  168. 
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fbnnalffi  not  exactly  the  same  ab  Frofessor  Powell,  found  alao  an/^ 
agreement  between  these  and  Fraanhofer's  obeervations.  ^ 

It  may  be  observed,  that  the  refractive  indices  observed   aadc; 
employed  in  these  comparisons,  were  not  those  determined  bjr  IhSif^ 
color  of  the  ray,  which  is  not  capable  of  exact  identification,  but  flwNiExl 
more  accnrato  measures  which  Fraunhofer  was  enabled  to  make^k]^'^ 
consequence  of  having  detected  in  the  spectrum  the  black  linea  wUA:j>; 
he  called  B,  G,  D,  £,  F,  G,  U.    Tlie  agreement  between  the  theoielfr  ^^  ^ 
cal  formulffi  and  the  observed  numbers  is  remarkable,  throughoilt  d^ 
the  series  of  comparisons  of  which  we  have  spoken.    Yet  we  mnat  lA.^- 
prcsont  hesitate  to  pronounce  upon  the  hypothesis  of  finite  interral^a^^ 
proved  by  these  calculations;  for  though  this  hypothesis  has  gif«i«^ 
results  agreeing  so  closely  with  experiment,  it  is  not  yet  dear  ikit ^/, 
other  hypotheses  may  not  produce  an  equal  agreement    By  ^^\ 
nature  of  the  case,  there  must  be  a  certain  gradation  and  continm^ia  ■■ 
the  succession  of  colors  in  the  spectrum,  and  hence,  any  suppoatioa  ■ 
which  will  account  for  the  general  &ct  of  the  whole  dispersion,  any  ^  . 
possibly  account  for  the  amount  of  the  intermediate  dispenmi^ 
because  these  must  be  interpolations  between  the  extremes.    The    J 
result  of  this  hypothetical  calculation,  however,  shows  very  satisCMto-     ' 
riiy  that  there  is  not,  in  the  fact  of  dispersion,  anything  which  is  afcal    ^ 
formidable  to  the  undulatory  theory.  ■ 

11.  Cofielu9ion. — There  are  several  other  of  the  more  recondite  "** 
points  of  the  theory  which  may  be  considered  as,  at  present,  too  rat-  \ 
decided  to  allow  us  to  speak  historically  of  the  discussions  which  thsf  *^ 
have  occasioned.'*  For  example,  it  was  conceived,  for  some  timOytluMfc  ^ 
the  vibrations  of  polarized  light  are  perpendicular  to  the  plane  of  ^ 
polarization.  But  this  assumption  was  not  an  essential  part  of  the  ^' 
theory  ;  and  all  the  phenomena  would  equally  allow  us  to  suppose  the  ^' 
vibrations  to  be  in  the  polarization  plane ;  the  main  requisite  beings  ^ 
that  light  polarized  in  planes  at  right  angles  to  each  other,  should  abo  ^ 
have  the  vibrations  at  right  angles.  Accordingly,  for  some  time,  this  ^* 
point  was  left  undecided  by  Young  and  Fresncl,  and,  more  reoentlj,  '^ 
some  mathematicians  have  come  to  the  opinion  that  ether  vibrates  in  * 
the  plane  of  polarization.  The  theory  of  transverse  vibrations  is  ^ 
equally  stable,  whichever  supposition  may  be  finally  confirmed.  ^ 

We  may  speak,  in  the  same  manner,  of  the  suppositions  which,  from    ' 


3«  For  an  account  of  these,  see  Profeaeor  Lloyd's  Report  on  Phyticai  OpHou, 
(Brit  Assoc.  Report,  1884.) 


himct  Tooig  and  nmnd,  the  cultiTaton  of  this  theoiy  bmre 

(■UtoiiMka  ff<e^ia»Ui^  the  m<w*anin>l  oonstitiilkm  of  the  ether* 

by  wiiioli  trangfeweTihiitioni  are  prodnoed,    ItWM 

BOOB  diffiealtiai  ihoiild  niie  upon  loch  pointy  te  tiaiis> 

\  hmd  Bot  prafiomly  been  made  the  mlject  of  meohani- 

p  aad  the  fbieea  which  oocaaion  them  niiut  act  in  a 

ftom  ihow  which  were  prefionily  contemplated. 

to  mjf  without  enteriii^  into  theie  dwcnaiion% 

iit hn  aHMwmil^  firom  all  thn  nuthnmitirri  reaaoningi which  have 

f  that  then  la  aoti  in  the  conception  pf  tnnaren^  yibn^ 

i  eiflier  with  the  princylea  of  mechanici,  or 

▼iews  which  we  can  fcim,  of  the  Ibrcea  by  wUch 

mliddtagBther. 

as  biieiy  aa  the  natore  of  my  nndertaking  allows, 
rf  Aaafitala  of  the  nndnlatoiy  theoiy  whidi  are  still  under  delibe- 

a.    With  reqMCt  to  thess^  an  intimate 
i  with  mathematica  and  physics  ii  neoeaMiy  to  enable  any 
L  the  atepa  which  are  made  from  day  to  day ;. and  still 
qudifioataooa  would  be  requisite  in  order  to  pro- 
ft^ajndpnant  upon  them.    I  shalli  iherefiire^  oondnde  ifaia  snr- 
;  the  hig^yptoniising  condition  of  this  great  dq[Mut- 
■otofsdence,  in  respect  to  the  character  of  its  cnltivaton.    Nothing 
ha  Aan  proffbund  thought  and  great  mathematical  skill  can  enable 
aj  oae  to  deal  with  this  theoiy,  in  any  way  likely  to  promote  the  in- 
mate of  science.     Bat  there  appears,  in  the  horizon  of  the  scientific 
«aid|  a  considerable  class  of  yomig  mathematicians,  who  are  already 
W^giag  to  these  investigations  the  requisite  talents  and  zeal ;  and  who, 
kaviag  acquired  their  knowledge  of  the  theory  since  the  time  when  its 
was  donbtfoly  possess,  without  effort,  that  singleness  and 
I  of  view  as  to  its  fundamental  doctrines,  which  it  is  difScult  for 
\  to  attain  whose  minds  have  had  to  go  through  the  hesitation, 
,  and  balance  of  the  epoch  of  the  establishment  of  the  theory. 
h  the  handa  of  this  new  generation,  it  is  reasonable  to  suppose  the 
Analytical  Mechanics  of  light  will  be  improved  as  much  as  the  Analy- 
ticil  Mechanics  of  the  solar  system  was  by  the  successors  of  Newton. 
I     Wie  have  already  had  to  notice  many  of  this  younger  race  of  undula- 
donats.     For  besides  MM.  Cauchy,  Poisson,  and  Ampere,  M.  Lam6 
i«  been  more  recently  following  these  researches  in  France.**    In 


»  ProC  Lloyd's  Report,  p.  8S1 
Vol,  IL— ». 
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1,  M.  Qaetelet  has  given  great  attention  to  thftm  ;  and,  m  our 
:iBtTT,  Sir  William  Hamilton,  and  Professor  Lloyd,  of  Dnblio, 
en  followed  by  Mr.  Mac  Cullagh.     Professor  Powell,  of  Oxford, 
tinacd  his  researches  with  unreiuittin^  induBtiy ;  and,  at  Cam- 
Professor  Airy,  who  did  ranch  for  the  establishment  and  dtffu- 
the  theory  before  he  was  removed  to  the  post  of  Astronomer 
t  Greenwich,  has  had  the  satisfaction  to  see  his  labora  continned 
rs,  even  to  the  roost  recent  time ;  for  Mr.  Kelland,"*"  whom  we 
-eady  mentioned,  and  Mr.  Archibald  Smitb,'^  the  two  pcreoM 
1834  and  1636,  received  the  highest  mathematical  honors 
halt  university  can  bestow,  have  both  of  tfaem  published  inves- 
i  n?specting  the  undulatory  theory. 

nay  be  permitted  to  add,  as  a  reflection  obnonsly  snggested  by 
ict^  that  the  canse  of  the  prog:ress  of  science  is  incalculably 
1  by  the  eiifttence  of  a  body  of  men,  trained  and  stimulated 
tiidy  of  the  hfghor  matheinatic*t,  snch  ra  exiHt  in  the  British 
ties,  who  are  thus  prepared,  when  an  abstruse  and  sublioie 
comes  before  the  world  with  all  the  eharaot^n  of  tniib,  Xa 
\ie  its  evidence,  to  take  steady  hold  of  its  principles,  to  parsu^= 

■ 
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towards  perfection  as  a  theory ;  and  this  task  we  have  now  nearly  exe- 
cuted as  &r  as  oar  abilities  allow. 

We  have  been  desirous  of  showing  that  the  type  of  this  progress, 
in  the  histories  of  the  two  great  sciences,  Physical  Astronomy  and 
Physical  Optics,  is  the  same.  In  both  we  have  many  Laws  of  Pheno- 
mena detected  and  accmnnlated  by  acute  and  inventive  men ;  we  have 
PreHudial  gaesses  which  touch  the  true  theory,  but  which  remain  for 
a  time  imperfect,  undeveloped,  unconfirmed  :  finally  we  have  the  Epoch 
when  this  true  theory,  clearly  apprehended  by  great  philosophical 
geniuses,  is  reconmiended  by  its  fully  explaining  what  it  was  first  meant 
to  explain,  and  confirmed  by  its  explaining  what  it  was  not  meant  to 
explain.  We  have  then  its  Progress  struggling  for  a  little  while  with 
adverse  prepossessions  and  difiSculties;  finally  overcoming  all  these, 
and  moving  onwards,  while  its  triumphal  procession  is  joined  by  all 
the  younger  and  more  vigorous  men  of  science. 

It  woold,  perhaps,  be  too  fanciful  to  attempt  to  establish  a  parallel- 
ism between  the  prominent  persons  who  figure  in  these  two  histories. 
If  we  were  to  do  this,  we  must  consider  Huyghens  and  Hooke  as  stand- 
ing in  the  place  of  Copernicus,  since,  like  him,  they  announced  the 
true  theory,  but  left  it  to  a  future  age  to  give  it  development  and 
mechanical  confirmation ;  Malus  and  Brewster,  grouping  them  together, 
correspond  to  Tycho  Brahe  and  Kepler,  laborious  in  accumulating 
observations,  inventive  and  happy  in  discovering  laws  of  phenomena ; 
and  Young  andFresnel  combined,  makeup  the  Newton  of  optical  science. 

[2nd  Ed.]  [In  the  Report  on  Physical  Optics^  {Brit.  Ass,  Reports^ 
1834,)  by  Prof.  Lloyd,  the  progress  of  the  mathematical  theory  after 
Fresnel's  labors  is  stated  more  distinctly  than  I  have  stated  it,  to  the 
following  effect.  Ampere,  in  1828,  proved  Fresnel's  mathematical  re- 
sults directly,  which  Fresnel  had  only  proved  indirectly,  and  derived 
from  his  proof  Fresnel's  beautiful  geometrical  construction.  Prof.  Mac 
Cullagh  not  long  after  gave  a  concise  demonstration  of  the  same  theo- 
rem, and  of  the  other  principal  points  of  Fresnel's  theory.  He  repre- 
sents the  elastic  force  by  means  of  an  ellipsoid  whose  axes  are  inversely 
proportional  to  those  of  Fresnel's  generating  ellipsoid,  and  deduces 
Fresnel's  construction  geometrically.  In  the  third  Supplement  to  his 
Essay  on  the  Theory  of  Systems  of  Bays  (Trans,  R,  I,  Acad,  vol. 
xvii.).  Sir  W.  Hamilton  has  presented  that  portion  of  Fresnel's  theory 
which  relates  to  the  fundamental  problem  of  the  determination  of 
the  velocity  and  polarization  of  a  plane  wave,  in  a  very  elegant  and 
analytical  form.      This  he  does  by  means  of  what  he  calls  the 
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'rr  /uHtiinn  of  the  optical  ayetcm  to  which  the  problei 
Vx\An  till*  fituction  is  <l<>dacc<i  Xha  surface  of  Hfuve-aloame 

HkU\\  ittU>  Uwi  ifti^lium*  Proni  this  constniction  also  Sir  \ 
^'^  UAA  Lvl  Ii3  tkd  mnlirtittlWi  of  comical  refintuiion^  nieotiotH 

Ak»  yailK^  v^  tkM»  tAir  «ei  ^fom  «mIi  other  ;uid  upon  U 
i^  .^  v-^kM  Vc4iM^-«  llM  «t  ^imbriiii  ▼hieh  mppeuH  to  n 

^v<ENrl4iiil    |nnrnirftlwo»tyrt- 

1^  ^  Ik^  wJt^wK  1  w»y  mentioii  Mr.  Totct,  v1u»  treated  it  i 

mtk  VMM  Iw  dM»«a  « los  to  Pttthtmateal  tdesoe. 

^  M>Y«tVtlH«  db»  mo6oa  of  ^wMtik^  ^liHM  of  p*ir^ 

ivi  U^  CM  of  iMiy—Mtriti]  mtcw^  i>d  faud  that  tl 
jum  |p«v^pa«»l«l  «Mld,«thegcMBlcw^hfttBiplkal;  « 
a  |wrt»>^^Aar  oaai^  ciwiar  MhlnliaMiaa  ^oaid  tifa  phom  aoeh  i 
4>im:3ihNi  ab^  tiif  ar»  of  qcaro-      U  afpan  to  ac,  hoTrrrf 
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plagihedial  fUcea  oi  ^wuim  etyiteb  tre  Meoapft- 

Md  by  bofnologo'ns  circular  polarization  of  llie  mme  iiiiiie.    I  do  nol 

know  thAt  heterologous  circttlar  polarisation  has  been  obeerred  bkmaj 

,  bvl  it  has  becti  dieco^^rcd  hy  Dn  Faraday  to  occur  in  |^aH^  ite^ 

,  to  powerful  magnetic  action, 

\  it  wsa  presumptnoua  in  mo  to  attempt  to  diaw  foeh  conqpi^ 

^  eopeciaUy  witL  regard  to  living  peraoDBi  aa  I  liafe  done  in  the 

p«ges  of  this  Book,    Having  pnbliahed  tUa  paange^  hov- 

«w^I  Aall  not  now  suppress  it    But  I  may  obaenre  that  thei^h 

MiBaa  vnmber  and  variety  of  the  beautiful  qptical  diaeovefiea  wfaidi 

^<«  ove  to  Sir  Darid  Brerster  makes  tbe  conqpariaon  in  his  caae areiy 

»  represeintation  of  hia  triumphs  over  nature ;  and  tiiali  beridea 

I  in  the  history  of  the  Theory  of  Opticei  he  must  hold  a  moal 

posStioD  in  the  history  of  Optieal  Ciyitallognphy,  whenever 

of  A  True  Optieal  Theory  of  Ciyitab  anppBeana  with  the 

JQpad  to  which  hia  Ubora  in  thia  field  form  bo  rich  mPHkuh.    I  eet^ 

dhSf  tmeni  to  the  expression  employed  by  Mr.  Aiiy  in  tile  PkiL 

,  fer  1640,  in  which  he  speaks  of  Sur  Dayid  Brewafeer  aa  '^tiM 

'  of  Modem  Eipcrimental  Optics,"] 


BOOK  X. 


SSCOSTDART  MECHANICAL  SCIENCES. 

(OOHTINtniD.) 


HISTORY 


OF 


THERMOTICS  AND  ATMOIOGY. 


Et  primum  finciimt  ignem  se  vortere  in  auns 
A^rU;  hinc  imbrem  gigni  terramque  creari 
Ex  imbri ;  retroque  a  terr&  cuncta  revorti, 
Humorem  primum,  post  aflra  deinde  calorem ; 
Nee  cessare  ha&c  inter  se  mutare,  meare, 
De  coclo  ad  tenam  de  tenk  ad  Bldeia  mnndi. 

LvcBmuB,  i.  788. 

Water,  and  Air,  and  Fire,  alternate  nm 
Tlieir  endless  circle,  multiform,  yet  one. 
For,  moulded  by  the  fervor's  latent  beams. 
Solids  flow  loose,  and  fluids  flash  to  steams, 
And  elemental  flame,  with  secret  force, 
Pnrsues  through  earth,  air,  sky,  its  stated  course. 


INTRODTJCnON. 
Of  Thermotics  and  Atmdogy. 

I  EMPLOY  the  tenn  Thermotia^  to  inclade  all  the  doctrines  re- 
specting Heat,  which  have  hitherto  been  established  on  proper 
scientific  grounds.  Our  survey  of  the  history  of  this  branch  of 
science  must  be  more  rapid  and  less  detailed  than  it  has  been  in  those 
Bobjects  of  which  we  have  hitherto  treated :  for  our  knowledge  is,  in 
this  case,  more  vague  and  uncertain  than  in  the  others,  and  has  made 
less  progress  towards  a  general  and  certain  theory.  Still,  the  narrative 
is  too  important  and  too  instructive  to  be  passed  over. 

The  distinction  of  Formal  Thermotics  and  Physical  Thermotics, — 
of  the  discovery  of  the  mere  Laws  of  Phenomena,  and  the  discovery 
of  their  causes, — is  applicable  here,  as  in  other  departments  of  our 
knowledge.  But  we  cannot  exhibit,  in  any  prominent  manner,  the 
latter  division  of  the  science  now  before  us ;  since  no  general  theory 
of  heat  has  yet  been  propounded,  which  affords  the  mei^  of  calcu- 
lating the  circumstances  of  the  phenomena  of  conduction,  radiation, 
expansion,  and  change  of  solid,  liquid,  and  gaseous  form.  Still,  on 
each  of  these  subjects  there  have  been  proposed,  and  extensively 
assented  to,  certain  general  views,  each  of  which  explains  its  appro- 
priate class  of  phenomena ;  and,  in  some  cases,  these  principles  have 
been  clothed  in  precise  and  mathematical  conditions,  and  thus  made 
bases  of  calculation. 

These  principles,  thus  possessing  a  generality  of  a  limited  kind,  con- 
Decting  several  observed  laws  of  phenomena,  but  yet  not  connecting 
ill  the  observed  classes  of  facts  which  relate  to  heat,  will  require  our 
iqparate  attention.  They  may  be  described  as  the  Doctrine  of  Con- 
duction, the  Doctrine  of  Radiation,  the  Doctrine  of  Specific  Heat,  and 
die  Doctrine  of  Latent  Heat;  and  these,  and  similar  doctrines 
respecting  heat,  make  up  the  science  which  we  may  call  Thermotics 
prcper. 

But  besides  these  collections  of  principles  which  regard  heat  by 
itself  the  relations  of  heat  and  moisture  give  rise  to  another  extensive 
and  important  collection  of  laws  and  principles,  which  I  shall  treat  of 
m  connexion  vrith  Thermotics,  and  shall  term  Atmology^  borrowing 
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the  term  from  the  Greek  word  (arfM^,)  which  ngnifies  vapor.  The 
Atmosphere  was  so  named  by  the  Greeks,  as  being  a  sphere  of  vi^; 
and,  undoubtedly,  the  most  general  and  important  of  the  phenomena 
which  take  place  in  the  air,  by  which  the  earth  is  surrounded,  an 
those  in  which  water,  of  one  consistence  or  other  (ice,  water,  or  steam,)  ^ 
is  concerned.  The  knowledge  which  relates  to  what  takes  place  in  * 
the  atmosphere  has  been  called  Meteorology^  in  its  collective  f<»m: 
but  such  knowledge  is,  in  fact,  composed  of  parts  of  many  differoift 
sciences.  And  it  is  usefhl  for  our  purpose  to  consider  separately  thot§ 
portions  of  Meteorology  which  have  reference  to  the  laws  of  aqueooi 
vapor,  and  these  we  may  include  under  the  term  Atmology. 

The  instroments  which  have  been  invented  for  the  purpose  of  maft- 
suring  the  moisture  of  the  air,  that  is,  the  quantity  of  vapor  wbich 
exists  in  it,  have  been  termed  Hygrometers;  and  the  doctrines  <a 
which  these  instruments  depend,  and  to  which  they  lead,  have  been 
called  ITyyrometry  ;  but  this  term  has  not  been  used  in  quite  so  exten- 
sive a  sense  as  that  which  we  intend  to  affix  to  Atmology, 

In  treating  of  Thermotics,  we  shall  fiist  describe  the  earlier  progiMi 
of  men's  views  concerning  Conduction,  Radiation,  and  the  like^  Mitt 
shall  then  speak  of  the  more  recent  corrections  and  extenaioii8|  li^ 
which  they  have  been  brought  nearer  to  theoretical  generality.  im; 
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CHAPTER  I. 
Tbe  DooTBnrBS  of  Conduction  and  Radiation. 


Sediom  1. — Iniroducticn  of  the  Doctrine  of  Condtietion. 

BY  iomhteiion  is  meant  the  propagation  of  heat  from  one  part  to 
'  aotiber  of  a  continnona  body ;  or  from  one  body  to  another  in 
eootaci  with  it ;  as  when  one  end  of  a  poker  stack  in  the  fire  heats 
^  other  end,  or  when  this  end  heats  the  hand  which  takes  hold  of 
h.  By  radiation  is  meant  the  diffusion  of  heat  from  the  surface  of  a 
bodr  to  points  not  in  contact  It  is  clear  in  both  these  cases,  that,  in 
pnfortion  as  the  hot  portion  is  hotter,  it  produces  a  greater  effect  in 
mming  the  cooler  portion  ;  that  is,  it  communicates  more  Heat  to  it, 
c  Hiat  be  the  abstract  conception  of  which  this  effect  is  the  measure. 
Tte  simplest  rule  which  can  be  proposed  is,  that  the  heat  thus  com- 
3nxiicated  in  a  given  instant  is  proportional  to  the  excess  of  the  heat 
of  the  hot  body  over  that  of  the  contiguous  bodies ;  there  are  no 
obnous  phenomena  which  contradict  the  supposition  that  this  is  the 
troe  law ;  and  it  was  thence  assumed  by  Newton  as  the  true  law  for 
ndiation  and  by  other  writers  for  conduction.  This  assumption  was 
«OB&med  approximately,  and  afterwards  corrected,  for  the  case  of 
Ruction  ;  in  its  application  to  Conduction,  it  has  been  made  the 
t«Bs  of  calculation  up  to  the  present  time.  We  may  observe  that 
••ia^  Etatement  takes  for  granted  that  we  have  attained  to  a  measure 
af  beat  (or  of  temperature,  as  heat  thus  measured  is  termed),  corre- 
tponding  to  the  law  thus  assumed;  and,  in  fact,  as  we  shall  have 
'^^on  to  explain  in  speaking  of  the  measures  of  sensible  qualities, 


140  mSTOBY  OF  THEBMOnCS.  2 

the  thermomctrical  scale  of  heat  according  to  the  ezpansion  of  liquidii 
(which  is  the  measure  of  temperature  here  adopted),  was  constnioMe 
with  a  reference  to  Newton's  law  of  radiation  of  heat ;  and  thus  Hmr- 
law  is  necessarily  consistent  with  the  scale.  ;. 

In  any  case  in  which  the  parts  of  a  body  art  imeqiially  ho^  tt% 
temperature  will  vary  continuoudy  in  passing  from  one  part  of  flM| 
body  to  another ;  thus,  a  long  bar  of  iron,  of  which  one  end  is  leifl^ 
red  hot,  will  exhibit  a  praducU  diminution  of  temperature  at  iiiiimiisiim^ 
points,  proceeding  to  the  other  end.  The  law  of  temperature  of  Ihli 
parts  of  such  a  bar  might  be  expressed  by  the  ordinates  of  a  erntm^ 
which  should  run  alongside  the  bar.  And,  in  order  to  trace  mathii 
matically  the  consequences  of  the  assumed  law,  some  of  those  pio» 
cesses  would  be  necessary,  by  which  mathematicians  are  enabled  III 
deal  with  the  properties  of  curves ;  as  the  method  of  infinite8]iiial%  or 
the  differential  calculus ;  and  the  truth  or  fidsehood  of  the  law  wouli 
be  determined,  according  to  the  usual  rules  of  inductive  science^  ^7  *. 
comparison  of  results  so  deduced  from  the  principle^  with  die  obsemd! 
phenomena. 

It  was  easily  perceived  that  this  comparison  was  the  task  vhMl 
phyucal  inqmrers  had  to  perform ;  but  the  execution  of  it  waa  ii£ 
layed  for  some  time ;  partly,  peiliaps,  because  the  mathematicall  f^|» 
cess  presented  some  difficulties.  Even  in  a  case  so  simple  as  tt^ 
above  mentioned,  of  a  linear  bar  with  a  stationary  temperature  ^afe  <w 
end,  partial  differentials  entered ;  for  there  were  three  variable  qnit 
titles,  the  time,  as  well  as  the  place  of  each  point  and  its  temp     '      - 


And  at  first,  another  scruple  occurred  to  M.  Biot  when,  about  i^l^ 
he  undertook  this  problem.*  *' A  difficulty,"  says  Laplace,'  iniapfe? 
*^ presents  itself  which  has  not  yet  been  solved.  The  pnintitifniy 
heat  received  and  communicated  in  an  instant  (by  any  point  i 
bar)  must  be  infinitely  small  quantities  of  the  same  order  as  the  ( 
of  the  heat  of  a  slice  of  the  body  over  that  of  the  contiguooa 
therefore  the  excess  of  the  heat  received  by  any  slice  over  the  b^i 
communicated,  is  an  infinitely  small  quantity  of  the  second  irrJM* 
and  the  accumulation  in  a  finite  time  (which  depends  on  this  exMi^ 
cannot  be  finite."  I  conceive  that  this  difficulty  arises  entirely  fiooii 
an  arbitrary  and  unnecessary  assumption  concerning  the  relation  n^ 
the  infinitesimal  parts  of  the  body.  Laplace  resolved  the  difficulty  hg 
further  reasoning  founded  upon  the  same  assumption  which  occaaioiied 


'  Biot^  TVaiti  de  Phyt,  iv.  p.  669.    *  LaplsAe,  MinL  IntL  for  1809,  p.  839^ 
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it  Fourier,  who  was  the  most  distinguished  of  the  cultivators  of 
lathematical  doctrine  of  conduction,  follows  a  course  of  reasoning 
ich  the  difficulty  does  not  present  itself.  Indeed  it  is  stated  by 
ce,  in  the  Memoir  above  quoted,*  that  Fourier  had  already  ob- 
L  the  true  fundamental  equations  by  views  of  his  own. 
B  remaining  part  of  the  history  of  the  doctrine  of  conduction  is 
pally  the  history  of  Fourier's  labors.  Attention  having  been 
I  to  the  subject^  as  we  have  mentioned,  the  French  Institute,  in 
iiy,  1810,  proposed,  as  their  prize  question,  ^  To  give  the  mathe- 
al  theory  of  the  laws  of  the  propagation  of  heat,  and  to  compare 
heory  with  exact  observations."  Fourier's  Memoir  (the  sequel 
a  delivered  in  1807,)  was  sent  in  September,  1811 ;  and  the 
(8000  francs)  adjudged  to  it  in  1812.  In  consequence  of  the 
cal  confusion  which  prevailed  in  France,  or  of  other  causes,  these 
rtant  Memoirs  were  not  published  by  the  Academy  till  1824 ;  but 
cto  had  been  printed  in  the  Btdletin  des  Sciences  in  1808,  and  in 
itmales  de  Chimie  in  1816 ;  and  Poisson  and  M.  Cauchy  had 
Ited  the  manuscript  itself. 

■  Bot  my  purpose  to  give,  in  this  place,*  an  account  of  the  ana- 
1  processes  by  which  Fourier  obtained  his  results.  The  skill 
lyed  in  these  Memoirs  is  such  as  to  make  them  an  object  of  just 
ratkm  to  mathematicians ;  but  they  consist  entirely  of  deductions 
the  fundamental  principle  which  I  have  noticed, — ^that  the  quan- 
{  heat  conducted  from  a  hotter  to  a  colder  point  is  proportional 
e  excess  of  heat,  modified  by  the  conductivity,  or  conducting 
r  of  each  substance.  Tlie  equations  which  flow  fix>m  this  priuci- 
■ome  nearly  the  same  forms  as  those  which  occur  in  the  most 
al  problems  of  hydrodynamics.  Besides  Fourier's  solution,  La- 
,  Poisson,  and  M.  Gauchy  have  also  exercised  their  great  analyti- 
dll  in  the  management  of  these  formulae.  We  shall  briefly  speak 
e  eonaparison  of  the  results  of  these  reasoning  with  experiment, 
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SfcL  2* — Introduction  <3f  the  Doctrine  of  Radiattoti* 

I  body,  as  a  mass  of  incaiidesccnt  iron,  eiuits  heat,  as  we  pcr^ 

ly  onr  senses  when  we  approach  it;  and  by  this  emisaon  of 

le  hot  body  cools  down.    The  first  step  in  our  g-stematic  know- 

If  the  subject  was  made  in  the  Ptincipta,     "  It  was  jti  tlu- 

]  of  that  great  work,"  cays  Fonrier^  **to  exhibit^  or  at  leiast  to 

the  causes  of  the  principal  phenomena  of  the   uniTeTW,** 

assumod,  ^  we  havo  already  taid,  that  the  rate  at  which  n 

ols,  that  is,  parts  with  its  heat  to  suiTonnding  bodies,  is  pn>- 

to  its  heat ;  and  on  this  assumption  he  rested  the  verification 

ale  of  temperatures.     It  is  an  easy  deduction  from  this  law, 

Itimcs  of  cooling  be  takoa  in  arithmetic^  progression,  the  heat 

Tease  in  geometrical  progression.    Kraft,  and  ailer  him  Rich- 

X  to  verify  this  law  by  direct  experiments  on  the  o<K>liug  of 

if  warm  water;  and  from  these  experimeuta,  which  have  since 

A  by  others,  it  appears  that  for  differences  of  temperatnre 

^  not  exceed  50  degrees  (boiling  water  being  100),  this  geo- 
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A  some  difficulty.    It  appeared  that  cold  was  reflected  no  leas  than 

kit   A  mass  of  ice,  when  its  effect  was  concentrated  on  a  thermo- 

r  br  a  system  of  mirrors,  made  the  thermometer  &11,  just  as  a 

nmd  of  hot  water  placed  in  a  similar  situation  made  it  rise.    Was 

Mf  then,  to  be  supposed  a  real  substance,  no  less  than  heat  ? 
Hie  solution  of  Uiis  and  similar  difficulties  was  given  by  Pierre 

Aerott,  professor  at  Geneva,  whose  theory  of  radiant  heat  was  pro- 
p«ed  about  1790.  According  to  this  theory,  heat,  or  caloric^  is  con- 
intly  radiating  from  every  point  *of  the  surface  of  all  bodies  in 
tti^t  lines ;  and  it  radiates  the  more  copiously,  the  greater  is  the 
qHotity  of  heat  which  the  body  contains.  Hence  a  constant  ex- 
ckinge  of  heat  is  going  on  among  neighboring  bodies ;  and  a  body 
fromi  hotter  or  colder,  according  as  it  receives  more  caloric  than  it 
enki,  or  the  contrary.  And  thus  a  body  is  cooled  by  rectilinear  rays 
from  a  oold  body,  because  along  these  paths  it  sends  rays  of  heat  in 
greater  abundance  than  those  which  return  the  same  way.  This  ihe- 
onf  €f  aiehanges  is  simple  and  satisfactory,  and  was  soon  generally 
adopted ;  but  we  must  consider  it  rather  as  the  simplest  mode  of  ex- 
pRaong  the  dependence  of  the  communication  of  heat  on  the  excess 
of  temperature,  than  as  a  proposition  of  which  the  physical  truth  is 
cleiriy  established. 

A  number  of  curious  researches  on  the  effect  of  the  different  kinds 
of  saz&ce  of  the  heating  and  of  the  heated  body,  were  made  by 
Leslie  and  others.  On  these  I  shall  not  dwell ;  only  observing  that 
tie  relative  amount  of  this  radiative  and  receptive  energy  may  be  ex- 
f-KMed  by  numbers,  for  each  kind  of  surface  ;  and  that  we  shall  have 
o:cadon  to  speak  of  it  under  the  term  exterior  conductivity  y  it  is 
*ias  distinfTuished  from  interior  conductivity,  wliicli  is  the  relative 
nte  jit  which  heat  is  conducted  in  the  interior  of  bodies.* 

^*xt,  3. —  Verifications  of  the  Doctrines  of  Conduction  and  Radiation, 

The  interior  and  exterior  conductivity  of  bodies  are  nunibei*s,  which 
^Ker  a*  elements,  or  coefficients^  into  the  mathematical  calculations 
!'>!mded  on  the  doctrines  of  conduction  and  radiation.     These  coeffi- 


'  TLe  term  employed  by  Fourier,  eonductibility  or  condueibility,  BUgge8t8  ex- 
Dwaiona  altogether  obsurd,  as  if  the  bodies  could  be  called  condH<:tible,  or  con 
l4nU^,  with  respect  to  heat :  I  have  therefore  ventured  upon  a  slight  altera- 
•i-ia  of  th^  word,  and  have  used  the  abstract  term  which  analogy  would 
iGigeet,  if  we  suppoee  bodies  to  be  conductive  in  this  respect. 
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cients  are  to  be  determined  for  each  case  by  appropriate  experimeitfi:.^ 
vrhen  the  experimenters  had  obtained  these  data,  as  well  as  the  nu^^ , 
ihcmatical  solutions  of  the  problems,  they  could  test  the  truth  of  thi^  . 
fundamental  principles  by  a  comparison  of  the  theoretical  and 
results  in  properly-selected  cases.    This  was  done  for  the  law  cf  < 
duction  in  the  simple  cases  of  metallic  bars  heated  at  one  end,  by  IL :_ 
Biot,^  and  the  accordance  with  experiment  was  sufficiently  cloae.    Ip . 
the  more  complex  cases  of  conduction  which  Fourier  considered,  it  win. 
less  easy  to  devise  a  satisfactory  mode  of  comparison.    But  Miaa,^ 
rather  curious  relations  which  he  demonstrated  to  exist  among  Hkb 
temperatures  at  different  points  of  an  armille^  or  ring,  afforded  a  good.^^ 
criterion  of  the  value  of  the  calculations,  and  confirmed  their  coneei-^ 


We  may  therefore  presume  these  doctrines  of  radiation  and 
duction  to  be  sufficiently  established;   and  we  may  consider  tbw  _ 
application  to  any  remarkable  case  to  be  a  portion  of  the  hiatoiy  of  ^ 
science.    We  proceed  to  some  such  applications. 

8eei.  4. — The  Geological  and  Cosmologieal  Application  of  T%ermotk^  ^ 

Bt  fax  the  most  important  case  to  which  conclusions  from  these  doc- 
trines have  been  applied,  is  that  of  the  globe  of  the  earth,  and  of  '^ 
those  laws  of  climate  to  which  the  modifications  of  temperature  giv^ 
rise ;  and  in  this  way  we  are  led  to  inferences  concerning  other  paiti   ' 
of  the  universe.    K  we  had  any  means  of  observing  these  terrestrial  ^ 
and  cosmical  phenomena  to  a  sufficient  extent,  they  would  bo  valuable 
fisu^ts  on  which  we  might  erect  our  theories ;  and  they  would  thus  tonn  ^ 
part,  not  of  the  corollaries,  but  of  the  foundations  of  our  doctrine  cf   "' 
heat.    In  such  a  case,  the  laws  of  tlie  propagation  of  heat,  as  discoTerod  ^*' 
from  experiments  on  smaller  bodies,  would  Ber\'e  to  explain  these  phe-  ^ 
nomena  of  the  universe,  just  as  the  laws  of  motion  explain  the  cele»-  ^' 
tial  movements.    But  since  we  arc  almost  entirely  without  any  definite  ^ 
indications  of  the  condition  of  the  other  bodies  in  the  solar  system  m    - 
to  heat;  and  since,  even  with  regard  to  the  earth,  we  know  only  the   *? 
temperature  of  the  parts  at  or  very  near  the  surface,  our  knowledge  of    ^ 
the  part  which  heat  plays  in  the  earth  and  the  heavens  must  be  in  a    ' 
great  measure,  not  a  generalization  of  observed  facts,  but  a  deduction 
from  theoretical  principles.    Still,  such  knowledge,  whether  obtained 


^  TV.  dePhy%,  iv.  671.  "  Mem.  Itut,  1819,  p.  192,  published  1824. 
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ftom  obaervation  or  from  theory,  must  possess  great  interest  and  im- 
portance. The  doctrines  of  this  kind  which  we  have  to  notice  refer 
principally  to  the  effect  of  the  son's  heat  on  the  earth,  the  laws  of 
climate, — ^the  thermotical  condition  of  the  interior  of  the  earth, — and 
that  oi  the  planetary  spaces. 

1.  Bffect  of  Solar  Heat  on  the  Earth, — ^That  the  sun's  heat  passes 
into  the  interior  of  the  earth  in  a  variable  manner,  depending  upon 
the  succession  of  days  and  nights,  summers  and  winters,  is  an  obvious 
consequence  of  our  first  notions  on  this  subject  The  mode  in  which 
it  proceeds  into  the  interior,  after  descending  below  the  surface,  re- 
mained to  be  gathered,  either  from  the  phenomena,  or  from  reasoning. 
Both  methods  were  employed.*  Saussure  endeavored  to  trace  its 
coarse  by  digging,  in  1785,  and  thus  found  that  at  the  depth  of  about 
thirty-one  feet,  the  annual  variation  of  temperature  is  about  1-1 2th 
what  it  is  at  the  surface.  Leslie  adopted  a  better  method,  sinking  the 
bulbs  of  thermometers  deep  in  the  earth,  while  their  stems  appeared 
above  the  sur£EU^e.  In  1813,  '16,  and  '1 7,  he  observed  thus  the  temperar 
tores  at  the  depths  of  one,  two,  four,  and  eight  feet,  at  Abbotshall,  in 
Fifeshire.  The  results  showed  that  the  extreme  annual  oscillations  of 
the  temperature  diminish  as  we  descend.  At  the  depth  of  one  foot, 
the  yearly  range  of  oscillation  was  twenty-five  degrees  (Fahrenheit) ; 
at  two  feet  it  was  twenty  degrees ;  at  four  feet  it  was  fifteen  degrees ; 
at  eight  feet  it  was  only  nine  degrees  and  a  hal£  And  the  time  at 
which  the  heat  was  greatest  was  later  and  later  in  proceeding  to  the 
lower  points.  At  one  foot,  the  maximum  and  minimum  were  tliree 
weeks  after  the  solstice  of  smnmer  and  of  winter ;  at  two  feet,  they 
were  four  or  five  weeks;  at  four  feet,  they  were  two  months ;  and  at 
eight  feet,  three  months.  The  mean  temperature  of  all  the  thermome- 
ters was  nearly  the  same.  Similar  results  were  obtained  by  Ott  at 
Zurich  in  1762,  and  by  Herrenschneider  at  Strasburg  in  1821,  %  '3." 

These  results  had  already  been  explained  by  Fourier's  theory  of 
oondoction.  He  had  shown"  that  when  the  surface  of  a  sphere  is 
affectedby  a  periodical  heat,  certain  alternations  of  heat  travel  uniformly 
into  the  interior,  but  that  the  extent  of  the  alternation  diminishes  in 
geometrical  progression  in  this  descent.  This  conclusion  applies  to 
the  effect  of  days  and  years  on  the  temperature  of  the  earth,  and  shows 
that  such  facts  as  those  observed  by  Leslie  are  both  exemplifications  of 


*  Leslie,  art  Climate,  Snpp.  JEnc  BriU  179.    ^  Pouillet,  MeteoroL  t  ii  p.  648. 
"  Mem.  IfuL  for  1821  (pnbliabed  1826),  p.  162. 
Vol.  n.— 10. 
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the  general  circumstances  of  the  earth,  and  are  perfcctly  in  acoordanoe. 
with  the  principles  on  which  Fourier's  theory  rests. 

2.  Climate, — The  term  climate^  which  means  inclination^  WM. 
applied  by  the  ancients  to  denote  that  inclination  of  the  axis  of  the  . 
terrestrial  sphere  from  which  result  the  inequalities  of  days  in  diffmnt^ 
latitudes.  This  inequality  is  obviously  connected  also  with  a  differenoe  \ 
of  thermotical  condition.  Places  near  the  poles  arc  colder,  on  Ibe 
whole,  than  places  near  the  equator.  It  was  a  natural  object  of  cnri*  ' 
osity  to  determine  the  law  of  this  variation. 

Such  a  determination,  however,  involves  many  difficoltiea,  and  Ibe ' 
settlement  of  several  preliminary  points.     How  is  the  temperature  of 
any  place  to  be  estimated  ?  and  if  we  reply,  by  its  mean  temperatme,  ' 
how  are  we  to  learn  this  mean?    The  answers  to  such  qaestiona 
require  very  multiplied  obsen-ations,  exact  instruments,  and  jndidoiii  ' 
generalizations ;  and  cannot  be  given  here.    But  certain  first  approxi- 
mations may  be  obtained  without  much  difficulty ;  for  instance,  the  ' 
mean  temperature  of  any  place  may  be  taken  to  be  the  temperature 
of  deep  springs,  which  is  probably  identical  with  the  temperature  of 
the  soil  below  the  reach  of  the  annual  oscillations.    Proceeding  on 
such  facts,  Mayer  found  that  the  mean  temperature  of  any  place  was 
nearly  proportional  to  the  square  of  the  cosine  of  the  latitude.    Thii^ 
as  a  law  of  phenomena,  has  since  been  found  to  require  considerable 
correction  ;  and  it  appears  that  the  mean  temperature  does  not  depend 
on  the  latitude  alone,  but  on  the  distribution  of  land  and  water,  and 
on  other  causes.    M.  de  Humboldt  has  expressed  these  deviations'* 
by  his  map  of  isothermal  Unes,  and  Sir  D.  Brewster  has  endeavored 
to   reduce    them    to    a    law  by  assuming  two  poles  of  maximum 
cold. 

The  expression  which  Fourier  finds"  for  the  distribution  of  heat  in 
a  homogeneous  sphere,  is  not  immediately  comparable  with  Mayei's 
empirical  formula,  being  obtained  on  a  certain  hypothesis,  namely,  that 
the  equator  is  kept  constantly  at  a  fixed  temperature.  But  there  is 
still  a  general  agreement;  for,  according  to  the  theory,  there  is  a 
diminution  of  heat  in  proceeding  from  the  equator  to  the  poles  in  sach 
a  case  ;  the  heat  is  propagated  from  the  equator  and  the  neighboring 
parts,  and  radiates  out  from  the  poles  into  the  surrounding  space. 
And  thus,  in  the  case  of  the  earth,  tJie  solar  heat  enters  in  the  tropical 


'^  British  Asboc.  1883.    Pro£  Forbes^s  JReport  on  Meteorology,  p.  210. 
"  Fourier.   Jfem.  Inst.  torn.  v.  p.  178. 
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parts,  snd  constantly  flows  towards  the  polar  regions,  by  wbicli  it  is 
emitted  into  the  planetary  spaces. 

Ctimate  is  affected  by  many  tbcrmotic  influences,  besides  the  con-  ' 
dncdoa  and  radiation  of  the  solid  mass  of  the  earth.  The  atmosphere, 
ftir  example,  produces  upon  terrestrial  temperatures  effects  which  it  is 
evjT  to  see  are  very  great ;  but  these  it  is  not  yet  in  the  power  of  cal- 
nilation  to  appreciate  ;**  and  it  is  clear  that  they  depend  upon  other 
properties  of  air  besides  its  power  to  transmit  heat  We  must  there- 
fore dinnifls  them,  at  least  for  the  present. 

S.  Temperature  of  the  Interior  of  the  Earth, — ^The  question  of  the 
tempentiire  of  the  interior  of  the  earth  has  excited  great  interest,  in 
comequence  of  its  bearing  on  other  branches  of  knowledge.  The 
rmm  &cts  which  have  been  supposed  to  indicate  the  fluidity  of  the 
centnl  parts  of  the  terrestrial  globe,  belong,  in  general,  to  geological 
idenee;  bat  so  far  as  they  require  the  light  of  thcrmotical  calculations 
in  order  to  be  rightly  reasoned  upon,  they  properly  come  under  our 
Dotieehere. 

Hie  principal  problem  of  this  kind  which  has  been  treated  of  is  this : 
—If  in  the  globe  of  the  earth  there  be  a  certain  original  heat,  result- 
ing from  its  earlier  condition,  and  independent  of  the  action  of  the  sun, 
to  whit  results  will  this  give  rise  ?  and  how  far  do  the  observed  tem- 
peratorf*  of  points  below  the  surfiicc  lead  us  to  such  a  supposition  ? 
Itla.s  f«>r  instance,  been  as-scrted,  that  in  many  parts  of  the  world  the 
timpcraturo,  as  observe*  1  in  mines  and  other  excavations,  increases  in 
itfccndinGT,  at  the  rate  of  one  degree  (centesimal)  in  about  forty  yards, 
^at  inference  does  this  justify  ? 

The  an.«*wer  to  this  question  was  given  by  Fourier  and  by  Laplace. 
Tic  fr»nner  mathematician  had  already  considered  the  problem  of  the 
■W.inir  of  a  large  sphere,  in  his  Memoirs  of  1807,  1809,  and  1811. 
Tufjic,  however,  lay  unpublished  in  the  archives  of  the  Institute  for 
HiOLv  vears.  But  in  1820,  when  the  accumulation  of  observations 
vhich  indicated  an  increase  of  the  temj)erature  of  tlie  earth  as  we 
dijsj^end,  lia^l  <lrawn  observation  to  tlic  subject,  Fourier  gave,  in  the 
Bulletin  of  the  riiilomathic  Society,"  a  summary  of  his  results,  as  far 
li*  they  l.>ore  on  this  point.  His  conclusion  was,  that  such  an  increase 
'•f  temperature  in  proceeding  towards  the  centre  of  tlie  earth,  can  arise 
from  nothing  but  the  remains  of  a  primitive  heat ; — that  the  heat 
which  the  sun's  action  would  communicate,  would,  in  its  final  and 


"  Mem,  Inst.  torn,  vil  p.  684.  "  Bullet,  dea  8c.  1820,  p.  6a 
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permanent  state,  be  uniform  in  the  same  vertical  line,  as  soon  as  w 
get  beyond  the  influence  of  the  superficial  oscillations  of  which  w 
have  spoken ; — and  that,  before  the  distribution  of  temperature  reachc 
this  limit,  it  will  decrease,  not  increase,  in  descending.  It  appearei 
also,  by  the  calculation,  that  this  remaining  existence  of  the  prixmtiT 
heat  in  the  interior  of  the  earth's  mass,  was  quite  consistent  with  tb 
absence  of  all  perceptible  traces  of  it  at  the  sur&ce ;  and  that  th 
same  state  of  things  which  produces  an  increase  of  one  d^ree  of  hei 
in  descending  forty  yards,  does  not  make  the  surfiace  a  quarter  of 
degree  hotter  than  it  would  otherwise  be.  Fourier  was  led  also  t 
some  conclusions,  though  necessarily  very  vague  ones,  respecting  th 
time  which  the  earth  must  have  taken  to  cool  from  a  supposed  origim 
state  of  incandescence  to  its  present  condition,  which  time  it  appeaie 
must  have  been  very  great ;  and  respecting  the  extent  of  the  fdtm 
cooling  of  the  surface,  which  it  was  shown  must  be  insensible.  Evei] 
thing  tended  to  prove  that,  within  the  period  which  the  history  of  th 
human  race  embraces,  no  discoverable  change  of  temperature  ha 
taken  place  from  the  progress  of  this  central  cooling.  Laplace  furthc 
calculated  the  effect"  which  any  contraction  of  the  globe  of  the  eait 
by  cooling  would  produce  on  the  length  of  the  day.  He  had  alread 
shown,  by  astronomical  reasoning,  that  the  day  had  not  become  shorti 
by  1 -200th  of  a  second,  since  the  time  of  Hipparchus ;  and  thus  hi 
inferences  agreed  with  those  of  Fourier.  As  far  as  regards  the  smal 
ness  of  the  perceptible  effect  due  to  the  past  changes  of  the  earth 
temperature,  there  can  be  no  doubt  that  all  the  curious  conclusions  jm 
stated  are  deduced  in  a  manner  quite  satisfactory,  from  the  fact  of 
general  increase  of  heat  in  descending  below  the  surface  of  the  earth 
and  thus  our  principles  of  speculative  science  have  a  bearing  upon  th 
history  of  the  past  changes  of  the  universe,  and  give  us  informatio 
concerning  the  state  of  things  in  portions  of  time  otherwise  quite  oi 
of  our  reach. 

4.  Real  of  the  Planetary  Spaces, — In  the  same  manner,  this  po; 
tion  of  science  is  appealed  to  for  information  concerning  parts  of  spac 
which  arc  utterly  inaccessible  to  observation.  The  doctrine  of  hei 
leads  to  conclusions  concerning  the  temperatures  of  the  spaces  whic 
surround  the  earth,  and  in  which  the  planets  of  the  solar  systei 
revolve.  In  his  Memoir,  published  in  1827,"  Fourier  states  that  h 
conceives  it  to  follow  from  his  principles,  that  these  planetar}-  space 


Conn,  det  Tm$,  1823.  >^  Meta,  Iiut.  torn.  viL  p  680 
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are  not  absolutely  cold,  bat  have  a  ^  proper  heat''  independent  of  the 
mm  and  of  the  planets.  If  there  were  not  such  a  heat,  the  cold  of  the 
pdbr  r^ons  wonld  be  much  more  intense  than  it  is,  and  the  alterna- 
tions of  cold  and  warmth,  arising  from  the  inflaence  of  the  sun,  would 
be  &r  more  extreme  and  sudden  than  we  find  them.  As  the  cause  of 
this  heat  in  the  planetary  spaces,  he  assigns  the  radiation  of  the  innu- 
merable stars  which  are  scattered  through  the  universe. 

Fourier  says,*'  "We  conclude  from  these  various  remarks,  and 
principally  from  the  mathematical  examination  of  the  question,''  that 
this  is  so.  I  am  not  aware  that  the  mathematical  ^Iculation  which 
bean  peculiarly  upon  this  point  has  anywhere  been  published.  But 
it  is  worth  notice,  that  Svanbci^  has  been  led  "  to  the  opinion  of  the 
same  temperature  in  these  spaces  which  Fourier  had  adopted  (50  cen- 
tigrade below  zero),  by  an  entirely  different  course  of  reasoning, 
founded  on  the  relation  of  the  atmosphere  to  heat. 

In  speaking  of  this  subject,  I  have  been  led  to  notice  incomplete 
and  perhaps  doubtful  applications  of  the  mathematical  doctrine  of  con- 
duction and  radiation.  But  this  may  at  least  serve  to  show  that  Ther- 
motics  is  a  science,  which,  like  Mechanics,  is  to  be  established  by 
experiments  on  masses  capable  of  manipulation,  but  which,  like  that, 
has  for  its  most  important  office  the  solution  of  geological  and  cosmo- 
logical  problems.  I  now  return  to  the  further  progress  of  our  thermo- 
tical  knowledge. 

Sect,  5. — Correction  of  NewtorCs  Law  of  Cooling. 

Lr  speaking  of  the  establishment  of  Newton's  assumption,  that  the 
temperature  conmiunicated  is  proportional  to  the  excess  of  tempera- 
ture, we  stated  that  it  was  approximately  verified,  and  afterwards  cor- 
rected (chap,  i.,  sect.  1.),  This  correction  was  the  result  of  the  re- 
searches of  MM.  Dulong  and  Petit  in  1817,  and  the  researches  by 
which  they  were  led  to  ^e  true  law,  are  an  admirable  example  both 
of  laborious  experiment  and  sagacious  induction.  They  experimented 
through  a  very  great  range  of  temperature  (as  high  as  two  hundred 
and  forty  degrees  centigrade),  which  was  necessary  because  the  inac^ 
curacy  of  Newton's  law  becomes  considerable  only  at  high  tempera- 
tares.  They  removed  the  effect  of  the  surrounding  medium,  by 
makmg  their  experiments  in  a  vacuum.    They  selected  with  great 


Mhn,  Inst,  torn,  vii  ^  581.  ^  BeneL  Jahret  Bericht,  ad.  p.  5a 
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judgment  the  conditions  of  their  experiments  and  compariaons,  making 
one  quantity  vary  while  the  otliers  remained  constant  la  this  man- 
ner they  found,  that  the  quickness  of  cooling  for  a  comiant  excem  iff 
temperature^  increases  in  geometrical  progression^  when  the  temperaium 
of  the  surrounding  space  increases  in  arithmetical  progression  ;  whera- 
as,  according  to  the  Newtonian  law,  this  quickness  would  not  have 
varied  at  all.  Again,  this  variation  being  left  out  of  the  acconnti  il 
appeared  that  the  quickness  of  cooling,  so  far  as  it  depends  on  the  ex- 
cess of  temperature  of  the  hot  body,  increases  as  the  terms  of  a  gtamiS' 
trical  progression  diminislied  by  a  constant  number^  when  the  temperor 
lure  of  the  hot  body  increases  in  arithmetical  progression,  TLese  two 
laws,  with  the  coefficients  requisite  for  their  application  to  particular 
substances,  fully  determine  the  conditions  of  cooling  in  a  vacuum. 

Starting  from  this  determination,  MM.  Dulong  and  Petit  proceeded 
to  ascertain  the  effect  of  the  medium,  in  which  the  hot  body  is  placed, 
upon  its  rate  of  cooling ;  for  this  effect  became  a  residual  phenomt- 
nan,'^  when  the  cooling  in  the  vacuum  was  taken  away.  We  ahall  not 
here  follow  this  train  of  research ;  but  we  may  briefly  state,  that  thej 
were  led  to  such  laws  as  this ; — that  the  rapidity  of  cooling  due  to 
any  gaseous  medium  in  which  the  body  is  placed,  is  the  same,  so  long 
as  the  excess  of  the  body's  temperature  is  the  same,  although  the  tem- 
perature itself  vary ; — ^that  the  cooling  power  of  a  gas  varies  with  the 
elasticity,  according  to  a  determined  law ;  and  other  similar  rules. 

In  reference  to  the  process  of  their  induction,  it  is  worthy  of  notice, 
that  they  founded  their  reasonings  upon  Prevost's  law  of  exchanges; 
and  that,  in  this  way,  the  second  of  their  laws  above  stated,  respecting 
the  quickness  of  cooling,  was  a  mathematical  consequence  of  the  first 
It  may  be  observed  also,  that  their  temperatures  are  measured  bj 
means  of  the  air-tliermometer,  and  tliat  if  they  were  estimated  on 
another  scale,  the  remarkable  simplicity  and  symmetry  of  their  reaolta 
would  disappear.  This  is  a  strong  argument  for  belienng  such  a 
measure  of  temperature  to  have  a  natural  prerogative  of  simplicity. 
This  belief  is  confirmed  by  other  considerations ;  but  these,  depending 
on  the  laws  of  expansion  by  heat,  cannot  be  here  referred  to ;  and  we 
must  proceed  to  finish  our  survey  of  the  mathematical  theory  of  heat, 
as  founded  on  the  phenomena  of  radiation  and  conduction,  which 
alone  have  as  yet  been  traced  up  to  general  principles. 

We  may  observe,  before  we  quit  this  subject,  that  this  correction  of 


*  See  FkiL  Ind.  Beiencet,  K  ziil  o.  7,  Sect  iv. 
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IStrntxa^B  biw  will  materially  affect  the  mathematical  calculations  on 
die  rabieot,  which  were  made  to  depend  on  that  law  both  by  Foorier, 
Laplace,  and  Poisaon.  ProbaUy,  however,  the  general  features  of  the 
reaoltB  wiU  be  the  same  as  on  the  old  supposition.  M.  Libri,  an 
Italian  mathematician,  has  undertaken  one  of  the  problems  of  this 
kind,  that  of  the  armil,  with  Dulong  and  Petit's  law  for  his  basis,  in  a 
Memoir  read  to  the  Institute  of  France  in  1825,  and  since  published 
at  Florence." 

Sect  6. —  Other  Laws  of  Phenomena  mih  reepect  to  ife  diatian, 

Tbb  laws  of  radiation  as  depending  upon  the  surface  of  radiating 
bodies,  and  as  affecting  screens  of  various  kinds  interposed  between 
the  hot  body  and  the  thermometer,  were  examined  by  several  inquirers. 
I  shall  not  attempt  to  give  an  account  of  the  latter  course  of  research, 
and  of  the  different  laws  which  luminous  and  non-luminous  heat  have 
been  fcmad  to  follow  in  reference  to  bodies,  whether  transparent  or 
opaque,  which  intercept  them.  But  there  are  two  or  three  laws  of 
the  i^nomena,  depending  upon  the  effects  of  the  surfaces  of  bodies, 
which  are  important. 

1.  In  the  first  place,  the  powers  of  bodies  to  emit  and  to  absorb 
heat,  as  fiur  as  depends  upon  their  surfioce,  appear  to  be  in  the  same 
proportion.  K  we  blacken  the  surface  of  a  canister  of  hot  water,  it 
ndiates  heat  more  copiously ;  and  in  the  same  measure,  it  is  more 
readily  heated  by  radiation. 

S.  In  the  next  place,  as  the  radiative  power  increases,  the  power  of 
leiection  diminishes,  and  the  contrary.  A  bright  metal  vessel  reflects 
nraeih  heat ;  on  this  very  account  it  does  not  emit  much ;  and  hence 
a  hot  fluid  which  such  a  vessel  contains,  remains  hot  longer  than  it 
does  in  an  unpolished  case. 

8.  The  heat  is  emitted  from  every  point  of  the  surface  of  a  hot 
body  in  all  directions;  but  by  no  means  in  all  directions  with  equal 
intensity.  The  intensity  of  the  heating  ray  is  as  the  sme  of  the  angle 
wliieh  it  makes  with  the  surface. 

The  last  law  is  entirely,  the  two  former  in  a  great  measure,  due  to 
the  researches  of  Leslie,  whose  Experimental  Inquiry  into  the  Nature 
and  Propagation  of  Heaty  published  in  1804,  contains  a  great  number 
of  enrioas  and  striking  results  and  speculations.    The  laws  now  just 


*>  Mim.de  Maih.etdePk99,\9:XS. 
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stated  bear,  in  a  very  important  manner,  npon  the  formation  of  thft 
theory ;  and  we  mnst  now  proceed  to  consider  what  i^peaiB  to 
been  done  in  this  respect ;  taking  into  account,  it  mnst  still  be 
in  mind,  only  tlie  phenomena  of  conduction  and  radiation. 

-* 

Sect  7. — Fourier's  Theory  of  Radiant  Heat, 

Thb  above  laws  of  phenomena  being  established,  it  was  natural  that 
philosophers  should  seek  to  acquire  some  conception  of  the  physical 
action  by  which  they  might  account,  both  for  these  laws,  and  for  the 
general  fundamental  facts  of  Thcrmotics ;  as,  for  instance,  the  fact  that 
all  bodies  placed  in  an  inclosed  space  assume,  in  time,  the  tempentew 
of  the  iuclosure.  Fourier^s  explanation  of  this  class  of  phenomena 
must  be  considered  as  happy  and  successful ;  for  he  has  shown  thtffc  ' 
the  supposition  to  which  we  arc  led  by  the  most  simple  and  genenl 
of  the  facts,  will  explain,  moreover,  the  less  obvious  laws.  It  is  a« 
obvious  and  general  fact,  that  bodies  which  are  included  in  the  spaoa 
tend  to  acquire  the  same  temperature.  And  this  identity  of  tempen^ 
turc  of  neighboring  bodies  requires  an  hypothesis,  which,  it  is  found, 
also  accounts  for  Leslic^s  law  of  the  sine,  in  radiation. 

This  hypothesis  is,  that  the  radiation  takes  place,  not  from  the  aoi^ 
face  alone  of  the  hot  body,  but  from  all  particles  situated  within  a' 
certain  small  depth  of  the  surface.  It  is  easy  to  see**  that,  on  thia  sup- 
position, a  ray  emitted  obliquely  from  an  internal  particle,  will  be  leat 
intense  than  one  sent  forth  perpendicular  to  the  sur£M^e,  becauae  the 
former  will  be  intercepted  in  a  greater  degree,  having  a  greater  lengfh 
of  path  within  the  body;  and  Fourier  shows,  that  whatever  be  the  law 
of  this  intercepting  power,  the  result  will  be,  that  the  radiative  intea- 
sity  is  as  the  sine  of  the  angle  made  by  the  ray  with  the  surface.         . 

But  this  law  is,  as  I  have  said,  likewise  necessaiy,  in  order  thai 
neighboring  bodies  may  tend  to  assume  the  same  temperature:  ftr 
instance,  in  order  that  a  small  particle  placed  within  a  spherictl 
shell,  should  finally  assume  the  temperature  of  the  shell.  K  the  law 
of  the  sines  did  not  obtain,  the  final  temperature  of  such  a  partkda 
would  depend  upon  its  place  in  the  iuclosure;*'  and  within  a  shell  of 
ice  we  should  have,  at  certain  points,  the  temperature  of  boiling  water 
and  of  melting  iron. 

This  proposition  may  at  first  appear  strange  and  unlikely ;  but  it  may 


^Mem,  Ifut.  t  V.  1821,  p.  204.  ^An.  OSUm.  iv.  1817,  p.  129. 
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\  Ian  of  wliiish  the  dSaooveiy  is  stated  in  the  preeeding  Sections 
k,  add  the  exidanations  given  of  Ibem  by  the  theories 
and  ladiation,  all  tended  to  make  the  conception  of  a 
,  W  cabnCf  eominnwicated  by  an  actoal  flow  and  emis- 
!^to  men^s  minds ;  and,  tin  Uktdy,  Ited  led  the  greater  pari 
philosopheis  to  entertain  sadi  a  view,  as  the  most  pio> 
ooneetning  the  natnre  of  heat  Bnt  scmie  steps  have 
I  -made  in  thermotics,  which  appear  to  be  likely  to  over- 
Pitf  liiBel^  aitd  to  make  Ibe  doctrine  of  emission  as  untenable 
vMiiiipdto  keatias  it  had  beenlbnnd  to  be  wilih  rqpurd  to  I^^ 
I  wj^tiStit  llw  discoveiy  of  the  pdarintion  of  heat  It  being  aseei^ 
\  rays  of  heat  are  polarized  in  the  same  manner  as  rays  of 


\  iDDowiiig  reMoning  may  ihow  the  oonneiioii  of  the  law  of  the  smes 
i  lieai  w^  the  general  principle  of  nltiinate  identity  of  neighboring 
The  equilibrinm  and  identity  of  temperature  between  an  indud^ 
I  mn  included  body,  cannot  obtain  upon  the  whole,  except  it  obtain 
pair  of  parts  of  the  two  snrfaeee  of  the  body  and  of  the  shell ; 
fcl^  aay  part  of  the  one  snrfiice,  in  its  exchanges  with  any  part  of  the  other 
hB%  aaoit  gire  and  reeeiTe  the  same  quantity  of  heat    Now  the  quantity 
,  se  ftr  as  it  depends  on  the  receiving  surface^  wHl,  by  geometry,  be 
to  the  sine  of  the  obUqnity  of  that  snrfitoe :  and  as,  in  the  ex- 
b  may  be  considwed  as  receiving,  the  quantity  transferred  must 
It  fwipogtional  to  the  sines  of  the  two  obliquities ;  that  is,  to  that  of  the  giv- 
f  as  wdl  as  of  the  reeeiving  soiiisee. 

ler  is  ttia  eondnsion  disturbed  by  the  consideration,  that  all  the  rays  of  heat 
i  a  sorfiMe  are  not  absorbed,  some  bong  reflected  according  to 
I^Mtaie  cdT  the  soHiMei  For,  by  the  other  aboye-mentioned  laws  of  pheno- 
aaM»  we  know  that»  in  the  same  measure  in  which  the  surface  loses  the  power 
d  adndtting,  it  loses  the  power  of  emitting,  heat ;  and  the  superficial  parts  gain, 
^  slMrtnig  their  own  radiation,  as  muoh  as  they  lose  by  not  absorbing  the 
theat;  so  that  the  rssolt  of  the  preceding  reasoning  remjonsanshered. 
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light,  wc  cannot  rctun  tlie  doctrine  that  heat  radiates  by  the  i 
tion  of  material  particles,  without  supposing  those  particles  of  i 
to  have  poles ;  an  hypothesis  which  probably  no  one  would  embnee^ 
for,  besides  that  the  ill  fortune  which  attended  that  hypothesia  in Hm 
case  of  light  must  deter  speculators  from  it,  the  intimate  coBnezkMiitf 
heat  and  light  would  hardly  allow  us  to  suppose  polarization  in  ll|| 
two  cases  to  be  produced  by  two  different  kinds  of  machinery.  ^ 

But,  witliout  here  tracing  further  the  influence  which  the  polariar 
tion  of  heat  must  exercise  upon  the  formation  of  our  theories  of  hei^ 
we  must  briefly  notice  this  important  discovery,  as  a  law  of  phem^ 
mena.  -^^ 

The  analogies  and  connexions  between  light  and  heat  are  so  i 
that  when  the  polarization  of  light  had  been  discovered,  men 
naturally  led  to  endeavor  to  ascertain  whether  heat  poesessed  M|, 
corresjMnding  property.  But  partly  from  the  di£Scnlty  of  obtainii^  aoBf , 
considerable  effect  of  heat  separated  from  light,  and  partly  from  At 
want  of  a  thennometrical  apparatus  sufficiently  delicate,  these  ■t*""^ 
led,  for  some  time,  to  no  decisive  result  M.  Berard  took  np  the  wJlf 
ject  in  1 8 1 3.  Ue  used  Malus^s  apparatus,  and  conceived  that  he  fimiri 
heat  to  be  polarized  by  reflection  at  the  surface  of  glass,  in  the  ma$ 
manner  as  light,  and  with  the  same  circumstances.'*  But  when  ¥» 
fessor  Powell,  of  Oxford,  a  few  years  later  (1830),  repeated  theae  .mr 
perimcnts  with  a  similar  apparatus,  he  found*'  that  though  the  hMl 
which  is  conveyed  along  with  light  is,  of  course,  polarizable,  ^  aimpk 
radiant  heat,"  as  he  terms  it,  did  not  offer  the  smallest  difference  B 
the  two  rectangular  azimuths  of  the  second  glass,  and  thus  showed  M 
trace  of  polarization. 

Tlius,  with  the  old  thermometers,  the  point  remained  don 
But  soon  after  tliis  time,  MM.  Melloni  and  Nobili  invented  an  appnui 
tus,  depending  on  certain  galvanic  laws,  of  which  we  shall  have  li 
speak  hereafter,  which  they  called  a  thermomultiplier  ;  and  wbki 
was  much  more  sensitive  to  changes  of  temperature  than  any  prafK 
ously-known  instrument.  Yet  even  with  this  instrument,  M.  Mellod 
failed ;  and  did  not,  at  first,  detect  any  perceptible  polarization  of  hflll 
by  the  tourmaline '"  nor  did  M.  Nobili,'"  in  repeating  M.  Berard^s  ei- 
periment  But  in  this  experiment  the  attempt  was  nuide  to  polaria 
heat  by  reflection  ^rom  glass,  as  light  is  polarized :  and  the  quantitjl 


^Atui,  Cftini.  March,  1818.    '*  iSiifk/ovm.  o/^iVium.  1880,  vol  iip^  80t. 
**  Ann.  de  Chimie,  voL  Iv.      "*  BiUiotheque  Univertelle. 
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reflected  k  so  small  that  the  inevitable  errors  might  completely  dis- 
gake  the  whole  difference  in  the  two  opposite  positions.  When  Pro! 
Forbes,  of  Edinbnigh,  (in  1834,)  employed  mica  in  the  like  experi- 
mflntsi  he  found  a  very  decided  polarizing  effect ;  first,  when  the  heat 
via  tranmitted  through  several  films  of  mica  at  a  certain  angle,  and 
•ftffwards,  when  it  was  reflected  from  them.  In  this  case,  he  found 
that  Willi  non-lnminons  heat,  and  even  with  the  heat  of  water  below 
the  boiling  point,  the  difference  of  the  heating  power  in  the  two 
poaitionB  of  opposite  polarity  (parallel  and  crossed)  was  manifest  He 
■ho  detected  by  careful  experiments,**  the  polarizing  effect  of  tourma- 
line. This  important  discovery  was  soon  confirmed  by  M.  MellonL 
Dombla  were  suggested  whether  the  different  effect  in  the  opposite 
poflitiona  mi^t  not  be  due  to  other  circumstances;  but  Professor 
Forbes  eanly  showed  that  these  suppositions  were  inadmissible ;  and 
the  prcqperty  of  a  difference  of  sides,  which  at  first  seemed  so  strange 
when  ascribed  to  the  rays  of  light,  also  belongs,  it  seems  to  be  proved, 
to  the  lays  of  heat  Professor  Forbes  also  found,  by  interposing  a 
pJate  of  mica  to  intercept  the  ray  of  heat  in  an  intermediate  point,  an 
sflhct  was  produced  in  certain  positions  of  the  mica  analogous  to  what 
wm  called  depolarigaiion  in  the  case  of  light;  namely,  a  partial 
ieatmctian  of  the  differences  which  polarization  establishes. 

Before  this  discovery,  M.  Melloni  had  already  proved  by  experiment 
iiai  heat  is  re/raeted  by  transparent  substances  as  light  is.  In  the  case 
)f  light,  the  depolarizing  effect  was  afterwards  found  to  be  really,  as 
ire  have  seen,  a  dipolarizing  effect,  the  ray  being  divided  into  two  rays 
t>j  dombU  rrfractum.  We  are  naturally  much  tempted  to  put  the  same 
interpretation  upon  the  dipolarizing  effect  in  the  case  of  heat ;  but 
pediapa  the  assertion  of  the  analogy  between  light  and  heat  to  this 
extent  is  as  yet  insecure. 

&  la  the  QK^e  necessary  to  be  cautious  in  our  attempt  to  identify 
the  IftWB  of  light  and  heat^  inasmuch  as  along  with  all  the  resemblances 
of  the  two  agents,  there  are  very  important  differences.  The  power 
of  transmitting  light,  the  diaphaneity  of  bodies,  is  very  distinct  from 
their  power  of  transmitting  heat,  which  has  been  called  diathermancy 
by  M.  MellonL  Thus  both  a  plate  of  alum  and  a  plate  of  rock-salt 
trmnnit  nearly  the  whole  light;  but  while  the  first  stops  nearly  the 
vhole  heat,  the  second  stops  very  little  of  it ;  and  a  plate  of  opake 


^jBIJL&  l^rtmsmeium^  vol  by.  ;  and  PkiL  Mog.  1886,  voL  ▼.  p.  SOe.  lb 
roL  TIL  p^  849. 
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quartz,  nearly  impenetrable  by  light,  allows  a  large  portion  of  the  K 
to  pass.  By  passing  the  rays  through  various  media,  the  heat  n 
be,  as  it  were,  nfUd  from  the  light  which  accompanies  it. 

[2nd  Ed.]  [The  diathermancy  of  bodies  is  distinct  from  their  «i 
phaneity,  in  so  far  that  the  same  bodies  do  not  exercise  the  same  paw* 
of  selection  and  suppression  of  certain  rays  on  heat  and  on  light;  1 
it  appears  to  be  proved  by  the  investigations  of  modem  thennoiii 
philosophers  (MM.  De  la  Roche,  Powell,  Melloni,  and  Forbes),  fli 
there  is  a  close  analogy  between  the  absorption  of  certain  colon  h 
transparent  bodies,  and  the  absorption  of  certain  kinds  of  heat  bjA 
thcrmanous  bodies.  Dark  sources  of  heat  emit  rays  which  are  aut 
gous  to  blue  and  violet  rays  of  light ;  and  highly  luminous  taiok 
emit  rays  which  are  analogous  to  red  rays.  And  by  measuring  ii 
angle  of  total  reflection  for  heat  of  different  kinds,  it  has  been 
that  the  fonner  kind  of  calorific  rays  are  really  less  refrangiUe 
the  latter." 

M.  Melloni  has  assumed  this  analogy  as  so  completely  < 
that  he  has  proposed  for  this  part  of  thermotics  the  name 
chroology  (Qu.  Ckromothermotics  ?) ;  and  along  with  this  temiy  i 
others  derived  from  the  Greek,  and  founded  on  the  same  analogy* ; 
it  should  appear,  in  the  work  which  he  proposes  to  publish  on  i 
subject,  that  the  doctrines  which  he  has  to  state  cannot  easily  be  i 
intelligible  without  the  use  of  the  terms  he  suggests,  his  nomenctaM 
will  obtain  currency ;  but  so  large  a  mass  of  etymological  innova||| 
is  in  general  to  be  avoided  in  scientific  works.  i  j 

M.  McUoni^s  discovery  of  the  extraordinary  power  of  rodb-Mfrj 
transmit  heat,  and  Professor  Forbes's  discovery  of  the  extraordM 
power  of  mica  to  polarize  and  depolarize  heat,  have  supplied  tliM|| 
tical  inquirers  with  two  new  and  most  valuable  instruments.'^]         J 

Moreover,  besides  the  laws  of  conduction  and  radiation,  manyo^j 
laws  of  the  phenomena  of  heat  have  been  discovered  by  philosophii 
and  these  must  be  taken  into  account  in  judging  any  theory  of  Ui 
To  these  other  laws  we  must  now  turn  our  attention. 


'1 


"*  See  Pro£  Forbes's  Third  Seriet  of  Besearehet  on  Heat,  Edinb.  B.&.  Vm 

voL  xiv. 

ft 

'*  For  an  account  of  many  thermotical  researches,  which  I  have  been  oU|g| 
to  pass  unnoticed  here,  see  two  Reports  by  Pro£  Powell  on  the  present  lli 
of  our  knowledge  respecting  Badiuit  Heat»  in  the  Repartt  of  the  BrUUkAd 
eiation  for  1882  and  1840. 
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CHAPTER  II. 
The  Laws  of  Changes  occasioned  by  Heat. 


SkL  l.r^ETpansi(m  by  Heat. — The  Law  of  Dalton  and  Oay-Lu^sac 
for  Ghses, 

AUI09I  all  bodies  expand  by  heat ;  solids,  as  metals,  in  a  small 
•  degree;  fluids,  as  water,  oil,  alcohol,  mercury,  in  a  greater  degree. 
Tim  was  one  of  the  facts  first  examined  by  those  who  studied  the 
ntore  of  heat,  becaiise  this  property  was  used  for  the  measure  of  heat 
In  Ae  Pkihtophy  of  the  Inductive  Sciences,  Book  iv.,  Chap,  iv.,  I. 
hne  stated  that  secondary  qualities,  such  as  Heat,  must  be  measured 
bjthcb  effects :  and  in  Sect.  4  of  that  Chapter  I  have  given  an  account 
of  the  successive  attempts  which  have  been  made  to  obtain  measures 
«f  heat  I  have  there  also  spoken  of  the  results  which  were  obtained 
W  eomparing  the  rate  at  which  the  expansion  of  different  substances 
vat  on,  under  the  same  degrees  of  heat ;  or  as  it  was  called,  the  dif- 
ferent ihcrmometrical  march  of  each  substance.  Mercury  appears  io 
\k  tie  liquid  which  is  most  unifonn  in  its  thcrmometrical  march  ;  and 
h  \a&  U'cn  taken  as  the  most  common  material  of  our  thennonieters ; 
^flS  the  expansion  of  mercurj'  is  not  proportional  to  the  lieat.  De  Luc 
'»  led,  by  his  experiments,  to  conclude  "  that  the  dilatations  of  mer- 
?^  follow  an  accelerated  march  for  equal  augmentations  of  beat." 
Dilton  conjectured  that  water  and  ihercury  both  expand  as  the  square 
r'  the  rod  temperature  from  the  point  of  greatest  contrac^tion  :  the 
rril  t^^mfKi-rature  being  measured  so  as  to  lead  to  such  a  result.  But 
■i-.-rifc  (f  the  rules  thus  laid  down  for  the  expansion  of  solids  and  fluids 
aj«j»ear  to  have  led,  as  yet^  to  any  certiiin  general  laws. 

Whh  regard  to  gases,  themiotical  inquirers  have  been  more  success- 
til.  Gases  expan<l  by  heat ;  and  their  expansion  is  governed  by  a  law 
»hkh  applies  alike  to  all  degrees  of  heat,  and  to  all  gaseous  fluiils. 
Tlie  law  is  this :  that /or  equal  increments  of  temperature  they  exjjoiui 
W  \}i€  same  fraction  of  tfieir  own  bulk  ;  which  fraction  is  three-eighths 
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cediiinj  from  freezing  to  boiling  water.    This  law  was  discovertyl 
oti  and  M*  Gay-Ltissac  indcpeiKJciitlT  of  each  oUiei-;'  tnci  is 
called  by  both  their  nanic^  tht  lais  of  DatUfU  and  Qa^L^Mme. 
tAiz  sayjs'  "  The  experiments  wbich  I  have  described,  and  which 
een  made  witb  ^reat  care^  pro^^e   inconteaUbly  that  oitygeai, 
en,  azotic  acid,  nitroufi  acid,  ammaniacal  acid,  muriatic  acid,  snl- 
5  acid,  carbonic  and,  gasc^  expand  eqoaily  by  equal  incrcmciiia 
."     "  Therefore,"  he  add*  with  a  proper  inductive  genera) izatioD, 
suit  docs  not  depend  upon  physical  properties,  and  I  collect 
fffi^es  tjrpand  equalltf  byheaC*     He  then  extends  this  to  vapotv 

sound  tlieory  of  heat 

Ed.]  Yet  MM,  Magnus  and  Keirnatilt  conceive  that  thevhftTp 
own  this  law  of  I>alton  and  Gay-Lnseac,  and  shown  that  the 
t  ^tM^»  do  not  expand  alike  for  the  same  increm^snt  of  heat 
*  found  the  ratio  to  be  for  atmospheric  air,  V3«« ;  for  hydrogea, 

for  eiriionic  acid,  1-369;  for  sulphurous-acid  gaa,  1*385,  But 
iffereoccs  are  not  greater  than  the  differences  obtained  for  tlw^ 
ibstanoes  by  difTerent  observers;  and  as  this  law  is  referred  t^^ 

1 i„     1 ^^1 ;.     i^ .^ ^_    1,.      JZ-.^ ,^.J      t      Ij-.    »>^*     *-■ *     tVs,. 
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accept  the  Uw  of  Dalton  and  Gay-Lussac,  it  follows  that  this  result  is 
independent  of  any  peculiar  properties  in  the  air  employed ;  and  thus 
this  measure  has  an  additional  character  of  generality  and  simplicity 
vhich  make  it  still  more  probable  that  it  is  the  true  standard.  This 
opinion  is  further  supported  by  the  attempts  to  include  such  facts  in  a 
theory ;  but  before  we  can  treat  of  such  theories,  we  must  speak  of 
mne  other  doctrines  which  have  been  introduced. 

Sect,  2. — Specific  Heat, — Change  of  Consistence, 

Im  the  attempts  to  obtain  measures  of  heat,  it  was  found  that  bodies 
had  different  capacities  for  heat ;  for  the  same  quantity  of  heat,  how- 
ever measured,  would  raise,  in  different  degrees,  the  temperature  of 
different  substances.  The  notion  of  different  capacities  for  heat  was 
thus  introduced,  and  each  body  was  thus  assumed  to  have  a  specific 
capaeUif  for  heat,  according  to  the  quantity  of  heat  which  it  required 
to  raise  it  through  a  given  scale  of  heat/  The  term  "  capacity  for 
heat"  was  introduced  by  Dr.  Irvine,  a  pupil  of  Dr.  Black.  For  this 
term,  Wilcke,  the  Swedish  physicist,  substituted  **  specific  heat  ;*'  in 
analogy  with  ^specific  gravity.'' 

It  was  found,  also,  Uiat  the  capacity  of  the  same  substance  was 
different  in  the  same  substance  at  different  temperatures.  It  appears 
from  experiments  of  MM.  Dulong  and  Petit^  that,  in  general,  the 
cafMcity  of  liquids  and  solids  increases  as  we  ascend  in  the  scale  of 
tmperatnre. 

But  one  of  the  most  important  thermotic  facts  is,  that  by  the 
ndden  contraction  of  any  mass,  its  temperature  is  increased.  This  is 
peculiarly  observable  in  gases,  as,  for  example,  common  air.  The 
amoont  of  the  increase  of  temperature  by  sudden  condensation,  or  of 
llie  cold  produced  by  sudden  rarefaction,  is  an  important  datum, 
deteimining  the  velocity  of  sound,  as  we  have  already  seen,  and  affect- 
mg  many  points  of  meteorology.  The  coefficient  which  enters  the 
calculation  in  the  former  case  depends  on  the  ratio  of  two  specific 
heats  of  air  under  different  conditions ;  one  belonging  to  it  when, 
▼aiying  in  density,  the  pressure  is  constant  by  which  the  air  is  con- 
tained ;  the  other,  when,  var3ring  in  density,  it  is  contained  in  a  con- 
itant  space. 

A  leading  &ct|  also,  with  regard  to  the  operation  of  heat  on  bodies 


*  See  Crawford,  Oft  Heat,  for  the  History  of  Spedfio  Heat 
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is,  that  it  changes  their  form^  as  it  is  often  called,  that  is,  their  ooa 
dition  as  solid,  liquid,  or  air.  Since  the  term  ^  form^  is  employed  li 
too  many  and  various  senses  to  be  immediately  understood  when  k  i 
intended  to  convey  this  peculiar  meaning,  I  shall  use,  instead  of  it^  1l||i 
term  consistence,  and  shall  hope  to  be  excused,  even  when  I  apply  t|^ 
word  to  gases,  though  I  must  acknowledge  such  phraseology  to  l| 
unusual.  Thus  there  is  a  change  of  consistence  when  solids  beooK 
liquid,  or  liquids  gaseous;  and  the  laws  of  such  changes  must  R> 
fundamental  facts  of  our  thermotical  theories.  We  are  still  in  Ifa^ 
dark  as  to  many  of  the  laws  which  belong  to  this  change ;  but  one  d\ 
them,  of  great  importance,  has  been  discovered,  and  to  that  we  mnt: 
now  proceed. 

Sect.  3.— The  Doctrine  of  Latent  Reat. 

The  Doctrine  of  Latent  Heat  refers  to  such  changes  of  consistence  ft 
we  have  just  spoken  of.  It  is  to  this  effect ;  that  during  the  conw 
sion  of  solids  into  liquids,  or  of  liquids  into  vapors,  there  is  etmt 
municated  to  the  body  heat  which  is  not  indicated  by  the  themo- 
mctcr.  The  heat  is  absorbed,  or  becomes  latent ;  and,  on  the  odM 
hand,  on  the  condensation  of  the  vapor  to  a  liquid,  or  the  liquid  let 
solid  consistency,  this  heat  is  again  given  out  and  becomes  senMt, 
Thus  a  pound  of  ice  requires  twenty  times  as  long  a  time,  in  a  wmk 
room,  to  raise  its  temperature  seven  degrees,  as  a  pound  of  ice-cOB 
water  does.  A  kettle  placed  on  a  fire,  in  four  minutes  had  its  uA> 
perature  raised  to  the  boiling  point,  212°  :  and  this  temperature  eok- 
tinued  stationary  for  twenty  minutes,  when  the  whole  was  boJUj 
away.  Dr.  Black  inferred  from  these  facts  that  a  large  quantity  m 
heat  is  absorbed  by  the  ice  in  becoming  wat^r,  and  by  the  water  t|l 
becoming  steam.  He  reckoned  from  the  above  experiments,  tliat  ief^ 
in  melting,  absorbs  as  much  heat  as  would  raise  ice-cold  water  thxoiuli 
140°  of  temperature  :  and  that  water,  in  evaporating,  absorbs  asmiidb 
heat  as  would  raise  it  through  940°. 

That  snow  requires  a  great  quantity  of  heat  to  melt  it ;  that  wita 
requires  a  great  quantity  of  heat  to  convert  it  into  steam ;  and  thai 
this  heat  is  not  indicated  by  a  rise  in  the  thermometer,  are  facts  which 
it  is  not  difficult  to  observe  ;  but  to  separate  tlicse  from  all  extraneoil 
conditions,  to  group  the  cases  together,  and  to  seize  upon  the  genenl 
law  by  which  they  are  connected,  was  an  effort  of  inductive  insighti 
which  has  been  considered,  and  deservedly,  as  one  of  the  most  striking 
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I  the  modern  Histoiy  of  physics.    Of  this  step  the  principal 
■BJk  ^ipemn  to  belong  to  Black. 

(U  Ed.]  [In  the  first  edition  I  had  mentioned  the  names  of  De 

Ik  and  of  Wflcke,  in  connexion  with  the  discovery  of  Latent  Heat, 

if  ioBginth  the  name  of  Black.     Dc  Luc  had  observed,  in  1755,  that 

m  wt,m  mehing,  did  not  rise  above  the  freezing-point  of  temperature  till 

'/  Ac  whole  was  melted.     De  Luc  has  been  charged  with  plagiarizing 

I    Bbek*s  discovery,  but,  I  think,  without  any  just  ground.    In  his  Ideea 

r     mrls  Miteoroloffique  (1787),  he  spoke  of  Dr.  Black  as  *'  the  first  who 

lad  attempted  the  determinations  of  the  quantities  of  latent  heat.'* 

And  when  Mr.  Watt  pointed  out  to  him  that  from  this  expression  it 

m^t  be  supposed  that  Black  had  not  discovered  the  fact  itself  he 

acquiesce<iy  and  redressed  the  equivocal  expression  in  an  Appendix  to 

the  volume.* 

Black  never  published  his  own  account  of  the  doctrine  of  Latent 
Heat :  hot  he  delivered  it  every  year  after  1760  in  his  Lectures.  In 
1770^  asoneptitions  publication  of  his  Lectures  was  made  by  a  Lon- 
don boobeDer,  and  this  gave  a  view  of  the  leading  points  of  Dr.  Black's 
doctiiDe.  In  1772,  Wilcke,  of  Stockholm,  read  a  paper  to  the  Royal 
Sodetf  of  that  city,  in  which  the  absorption  of  heat  by  melting  ice  is 
dcBCiibad ;  and  in  the  same  year.  Do  Luc  of  Geneva  published  his 
BieAercAet  but  les  Modifications  de  V Atmosphere^  which  has  been 
lUeged  to  contain  the  doctrine  of  latent  heat,  and  which  the  author 
Merts  to  have  boon  written  in  ignorance  of  what  Black  had  done. 
At  a  later  period,  De  Luc,  adopting,  in  part,  Black's  expression,  gave 
the  name  of  latent  fire  to  the  heat  absorbed.* 
I  It  spears  that  Cavendish  determined  the  amount  of  heat  produced 
by  condensing  steam,  and  by  thawing  snow,  as  early  as  17G5.  lie  had 
pohaps  already  heard  something  of  Black's  investigations,  but  did 
act  accept  his  term  '*  latent  heat."] 

The  consequences  of  Black's  principle  are  very  important,  for  upon 
it  id  founded  the  whole  doctrine  of  evaporation ;  besides  which,  the 
principle  of  latent  heat  has  other  applications.  But  the  relations  of 
aqueous  vapor  to  air  are  so  important,  and  have  been  so  long  a  sub- 


\  hit  Letter  to  the  Editors  of  the  Edinburgh  Review,  No.  xii.  p.  502,  of  the 

"  See  E±  Bet,  No.  vL  p.  20. 

*  See  Mr.  Y.  Haroonrfa  Address  to  the  Brit  Aflsoc.  in  1839,  and  the  ulp- 

Vol.  n.— 11. 
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ject  of  Bpecolatioi^  that  we  may  with  advantage  dwell  a  lit( 
them.  The  part  of  science  in  which  this  is  done  may  be  calle< 
have  said,  Atmology;  and  to  that  division  of  Thennotics  the 
ing  chapters  belong. 


ATMOLOGY. 


CHAPTER  ITL 
The  Relation  of  Vapor  and  Air. 


Sect.  I. — The  Boylean  Law  of  the  Air's  Elasticity. 

IN  the  Sixth  Book  (Chap.  iv.  Sect  i.)  we  have  already  seen  how  the 
conception  on  the  laws  of  fluid  equilibrium  was,  by  Pascal  and 
others,  extended  to  air,  as  well  as  water.  But  though  air  presses  and 
is  pressed  as  water  presses  and  is  pressed,  pressure  produces  upon  air 
an  effect  which  it  does  not,  in  any  obvious  degree,  produce  upon 
water.  Air  which  is  pressed  is  also  compressed^  or  made  to  occupy  a 
smaller  space ;  and  is  consequently  also  made  more  dense,  or  condenud  ; 
and  on  the  other  hand,  when  the  pressure  upon  a  portion  of  air  is 
diminished,  the  air  expands  or  is  rarefied.  These  broad  facts  are  evi- 
dent They  are  expressed  in  a  general  way  by  saying  that  air  is  an 
elastic  fluid,  yielding  in  a  certain  degree  to  pressure,  and  recovering 
its  previous  dimensions  when  the  pressure  is  removed. 

But  when  men  had  reached  this  point,  the  questions  obviously 
(^ered  themselves,  in  what  degree  and  according  to  what  law  aii 
yields  to  pressure;  when  it  is  compressed,  what  relation  does  the 
density  bear  to  the  pressure  f  The  use  which  had  been  made  of  tubes 
containing  columns  of  mercury,  by  which  the  pressure  of  portions  of 
air  was  varied  and  measured,  suggested  obvious  modes  of  devising  ex- 
periments by  which  this  question  might  be  answered.  Such  experi- 
ments accordingly  were  made  by  Boyle  about  1650 ;  and  the  result  at 
which  he  arrived  was,  that  when  air  is  thus  compressed,  the  density  is 
as  the  pressure.  Thus  if  the  pressure  of  the  atmosphere  in  its  common 
state  be  equivalent  to  30  inches  of  mercury,  as  shown  by  the  barome- 
ter;  if  air  included  in  a  tube  be  pressed  by  80  additional  inches  of 
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mercury,  its  density  will  be  doubled,  the  air  being  compressed  inti^3i 
one  half  the  space.    If  the  pressure  be  increased  threefold,  the  densff- 
ty  is  also  trebled ;  and  so  on.    The  same  law  was  soon  afterwards  (in 
1676)  proved  experimentally  by  Mariotte.    And  this  law  of  the  •fa'* 
elasticity,  that  the  density  is  as  the  pressure,  is  sometimes  called  the 
Boylean  Law^  and  sometimes  the  Law  of  Boyle  and  Mariotte. 

Air  retains  its  aerial  character  permanently ;  but  there  are  otbar  . 
aerial  substances  which  appear  as  such,  and  then  disappear  or  change    ^ 
into  some  other  condition.    Such  are  termed  vapors.    And  the  dk-  _ 
cover}'  of  their  true  relation  to  air  was  the  result  of  a  long  coarse  of  """ 
researches  and  speculations.  '  ~ 

[2nd  Ed.]     [It  was  found  by  M.  Cagniard  de  la  Tour  (in  1828X  that  ^  " 
at  a  certain  temperature,  a  liquid,  under  sufficient  pressure,  bocomes  7 
clear  transparent  vapor  or  gas,  having  the  same  bulk  as  the  liquid.  ~* 
This  condition  Br.  Faraday  calls  the  Cagniard  de  la  Tour  state,  (the  ' 
Tourian  state  ?)    It  was  also  discovered  by  Dr.  Faraday  that  carbonic-  "^ 
acid  gas,  and  many  other  gases,  which  were  long  conceived  to  be  per-  ~ ' 
manently  elastic,  are  really  reducible  to  a  liquid  state  by  ptessiue.'    - 
And  in  1835,  M.  Thilorior  found  the  means  of  reducing  liquid  oaifao- 
nic  acid  to  a  solid  form,  by  means  of  tlie  cold  produced  in  evaporatiim.  "^ 
More  recently  Dr.  Faraday  has  added  several  substances  usually  gaseous   '- 
to  the  list  of  those  which  could  previously  be  shown  in  the  liqpd  * 
state,  and  has  reduced  others,  including  ammonia,  nitrous  oxide,  and 
sulphuretted  hydrogen,  to  a  solid  consistency.*    After  these  discoveiiei^   *' 
we  may,  I  think,  reasonably  doubt  whether  all  bodies  are  not  capable   ^ 
of  existing  in  the  three  consistencies  of  solid,  liquid,  and  air. 

We  may  note  that  the  law  of  Boyle  and  Mariotte  is  not  exsody  ^' 
true  near  the  limit  at  which  the  air  passes  to  the  liquid  state  in  sneh  * 
cases  as  that  just  spoken  ot    The  diminution  of  bulk  is  then  more 
rapid  than  the  increase  of  pressure. 

The  transition  of  fluids  from  a  liquid  to  an  airy  consistence  appeals  - 
to  bo  accompanied  by  other  curious  phenomena.    Sec  Profl  Forbos*s 
papers  on  the  Color  of  Steam  under  certain  circumstances^  and  on    « 
the  Colors  of  the  Atmosphere^  in  the  Hdin,  Trans,  vol.  xiv.]  *■ 


»  Phil  Trans.  1828.  •  lb.  Pt  t  1845. 
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Sect,  2. — Prelude  to  DalUnCs  Doctrine  of  Evaporation, 

Visible  clouds,  smoke,  distillation,  gave  the  notion  of  Vapor ;  vapor 
was  at  first  conceived  to  be  identical  with  air,  as  by  Bacon.'  It  was 
easily  collected,  that  by  heat,  water  might  be  converted  into  vapor. 
It  was  thought  that  air  was  thns  produced,  in  the  instrument  called 
the  osolipile,  in  which  a  powerful  blast  is  caused  by  a  boiling  fluid ;  but 
Wolfe  showed  that  the  fluid  was  not  converted  into  air,  by  using  cam- 
l^orated  spirit  of  wine,  and  condensing  the  vapor  after  it  had  been 
formed.  We  need  not  enumerate  the  doctrines  (if  very  vague  hypo- 
theses may  be  so  termed)  of  Descartes,  Dcchales,  Borelli.^  The  latter 
■oconnted  for  the  rising  of  vapor  by  supposing  it  a  mixture  of  fire  and 
water ;  and  thus,  fire  being  much  lighter  than  air,  the  mixture  also 
was  light.  Boyle  endeavored  to  show  that  vapors  do  not  permanently 
float  in  vacuo.  Ho  compared  the  mixture  of  vapor  with  air  to  that 
of  salt  with  water.  He  found  that  the  pressure  of  the  atmosphere 
affected  the  heat  of  boiling  water;  a  very  important  fact.  Boyle 
proved  this  by  means  of  the  air-pump ;  and  ho  and  his  friends  were 
mnch  surprised  to  find  that  when  air  was  removed,  water  only  just 
wann  boiled  violently.  Huyghens  mentions  an  experiment  of  the 
same  kind  made  by  Papin  about  1673. 

The  ascent  of  vapor  was  expkuned  in  various  ways  in  succession, 
according  to  the  changes  which  physical  science  underwent  It  was  a 
problem  distinctly  treated  of,  at  a  period  when  hydrostatics  had 
accounted  for  many  phenomena ;  and  attempts  were  naturally  made 
to  reduce  this  fact  to  hydrostatical  principles.  An  obvious  hypothesis, 
which  brought  it  under  the  dominion  of  these  principles,  was,  to  sup- 
pose that  Uie  water,  when  converted  into  vapor,  was  divided  into 
small  hollow  globules ; — thin  pellicles  including  air  or  heat.  Halley 
gave  such  an  explanation  of  evaporation;  Leibmtz  calculated  the 
dimensions  of  these  little  bubbles ;  Derham  managed  (as  he  supposed) 
to  examine  them  with  a  magnifying  glass ;  Wolfe  also  examined  and 
calculated  on  the  same  subject  It  is  curious  to  see  so  much  confi- 
dence in  so  lame  a  theory ;  for  if  water  became  hollow  globules  in 
order  to  rise  as  vapor,  we  require,  in  order  to  explain  the  formation  of 
these  globules,  new  laws  of  nature,  which  are  not  even  hinted  at  by 


'  Bacon*8  Hist.  Nat.  Cent  L  p.  27. 

*  They  may  be  seen  in  Flsoher,  Oesehichie  der  Phjftik,  yoL  IL  pi  176. 
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tho  supporters  of  tlie  doctrine,  though  they  must  be  far  more  oomplei  :: 
than  the  hydrostatical  law  by  which  a  hollow  sphere  floats.  :.  i 

Ncwton^s  opinion  was  hardly  more  satisfactory ;  he*  explained  evB-  ^ 
poration  by  the  repulsive  power  of  heat;  the  parts  of  yaponi  aoooid- .  : 
ing  to  him,  being  small,  are  easily  affected  by  thia  force,  and  Hxm .  > 
become  lighter  than  the  atmosphere. 

Muschenbroek  still  adhered  to  the  theory  of  globules,  as  the  eipb-  y. 
nation  of  evaporation ;  but  he  was  manifestly  discontented  with  it ;  mi  .^ 
reasonably  apprehended  that  tho  pressure  of  the  air  would  destroy  Hm  > 
frail  texture  of  these  bubbles.  He  called  to  his  aid  a  rotation  of  Ihi  v^ 
globules  (which  Descartes  also  had  &<«umed)  ;  and,  not  satisfied  with  .. 
this,  threw  himself  on  electrical  action  as  a  reserve.  'EkectncUff  .. 
indeed,  was  now  in  favor,  as  hydrostatics  had  been  before ;  and  wm  .^ 
naturally  called  in,  in  all  cases  of  difficulty.  Desaguliers,  also,  naei  .. 
this  agent  to  account  for  the  ascent  of  vapor,  introducing  it  into  a  kind  .. 
of  sexual  system  of  clouds ;  according  to  him,  the  male  fire  (heat)  ^ 
does  a  part,  and  the  female  fire  (electricity)  performs  the  rest  Theaa  , 
are  speculations  of  small  merit  and  no  value. 

In  the  mean  time.  Chemistry  made  great  progress  in  tho  estimation 
of  philosophers,  and  had  its  turn  in  the  explanation  of  the  important  . 
facts  of  evaporation.  Bouillet,  who,  in  1742,  placed  the  particles  of 
water  in  the  interstices  of  those  of  air,  may  be  considered  as  approadi- 
ing  to  tho  chemical  theory.  In  1743,  tho  Academy  of  Sciences  of 
Bourdeaux  proposed  the  ascent  of  vapors  as  the  subject  of  a  prize; 
which  was  adjudged  in  a  manner  very  iinjmrtial  as  to  tlic  choice  of  a 
theory ;  for  it  was  divided  between  Kratzcnstein,  who  advocated  the 
bubbles,  (the  coat  of  which  he  detennincd  to  be  1 -50,000th  of  an  inch 
thick,)  and  Hamberger,  who  maintained  the  truth  to  be  the  adheflion 
of  particles  of  water  to  those  of  air  and  fire.  Tlie  latter  doctrine  had 
become  much  more  distinct  in  the  autlior^s  mind  when  seven  yean 
afterwards  (1750)  he  published  his  Elemeiila  Phynices.  Ho  then  grave 
the  explanation  of  evaporation  in  a  phrase  which  has  since  been 
adopted, — the  solution  of  water  in  air  ;  which  he  conceived  to  be  of 
the  same  kind  as  other  chemical  solutions. 

This  theory  of  solution  was  further  advocated  and  developed  by  Le 
Roi  ;*  and  in  his  hands  assumed  a  form  which  has  been  extensively 
adopted  up  to  our  times,  and  has,  in  many  instances,  tinged  the 
language  commonly  used.    He  conceived  that  air,  like  other  solventBi 


"  OptiekM,  Qa.  81.  •  Ac  R.  Be.  Paris,  1750. 
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■i^t  be  satvrated  ;  and  that  when  the  water  was  beyond  the  amount 
required  for  saturation,  it  appeared  in  a  visible  form.  The  satorating 
^OMtity  was  held  to  depend  mainly  on  warmth  and  wind. 

Hub  theory  was  by  no  means  devoid  of  merit;  for  it  brought 
together  many  of  the  phenomena,  and  explained  a  number  of  the  expe- 
limeots  which  Le  Roi  made.  It  explained  the  facts  of  the  transparency 
of  vipor,  (for  perfect  solutions  are  transparent,)  the  precipitation  of 
Viler  hy  cooling,  the  disappearance  of  the  visible  moisture  by  warming 
it  again,  the  increased  evaporation  by  rain  and  wind;  and  other 
ebtcrved  phenomena.  So  far,  therefore,  the  introduction  of  the  notion 
of  the  chemical  solution  of  water  in  air  was  apparently  very  successful. 
But  ita  delects  arc  of  a  very  fiatal  kind ;  for  it  does  not  at  all  apply  to 
the  £KtB  which  take  place  when  air  is  excluded. 

In  Sweden,  in  the  mean  time,^  the  subject  had  been  pursued  in  a 
f  and  in  a  more  correct  manner.  Wallcrius  Ericsen  had,  by 
( experiments,  established  the  important  fact,  that  water  evapo- 
I  in  a  vacuum.  His  experiments  are  clear  and  satis&ctory ;  and 
he  inferred  from  them  the  falsity  of  the  common  explanation  of  evapo- 
ntim  by  the  solution  of  water  in  air.  His  conclusions  are  drawn  in  a 
TCTT  intelligent  manner.  He  considers  the  question  whether  water  can 
be  dttoged  into  air,  and  whether  the  atmosphere  is,  in  consequence,  a 
mere  collection  of  vapors ;  and  on  good  reasons,  decides  in  the  nega- 
dv^,  and  concludes  the  existence  of  permanently-elastic  air  different 
frcm  vapor.  He  judges,  also,  that  there  arc  two  causes  concerned,  one 
irting  to  produce  the  first  ascent  of  vapors,  the  other  to  support  them 
lierwards.  The  first,  which  acts  in  a  vacuum,  he  conceives  to  be  the 
mutnal  repulsion  of  the  particles ;  and  since  this  force  is  independent 
•jf  the  presence  of  other  substances,  this  seems  to  be  a  sound  induction. 
When  the  vapors  have  once  ascended  into  tlic  air,  it  may  readily  be 
iTinted  that  they  arc  carried  higher,  and  driven  from  side  to  side  by 
die  currents  of  the  atmosphere.  Wallcrius  conceives  that  the  vapor 
»ill  ris^e  till  it  gets  into  air  of  the  same  density  as  itself,  and  being  then 
in  equilibrium,  will  drift  to  and  fro. 

The  two  rival  theories  of  evaporation,  that  of  chemical  solution  and 
tiat  of  indejyendent  vapor^  were,  in  various  forms,  advocated  by  the 
next  generation  of  philosophers.  Do  Saussure  may  be  considered  as 
•ii«^  leader  on  one  side,  and  De  Luc  on  tlie  other.  The  fonner  main- 
tained the  solution  theory,  with  some  modifications  of  his  own.    De 
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jnied  all  solution,  and  held  vapor  to  be  a  combbation  of  i 
;£  of  water  witb  fire,  by  whicb  tbcy  became  Ugbt^^r  than  i 
iiifT  to  bim,  tbcTe  b  always  fire  enougb  pn^cnt  to  produce  i 
fltion,  60  tbat  evaporiitiou  goes  on  at  all  temperatures, 
moJ*^  of  coLsideritig  independent  vapor  as  a  combination 
b  wattir,  kd  tbe  attention  of  tbose  who  adopted  tbat  opinion 
irmometriua]  ebangea  wbicb  take  place  when  vapor  is  form 
idoiised.     These  cbaiigea  arc  important,  aad  tlteir  lawa  curio 
vs  belong  to  the  iuduetion  of  latent  heat,  of  which  we  hi 
okon  ;  but  ^  knowltnige  of  them  is  not  absolutely  nccesaaij; 
o  enable  m  to  understand  Uie  manner  in  wliich  eteam  tixiatii 

.in?V  \io\\%  led  him'  also  to  the  consideration  of  the  effect 
e  o[i  vapor.      He  ejtplains  tbe  fai^t  tbat  preasurc  will  condei 

the  repulsion  aiising  from  fire  ceases.     In  this  way,  he  a 
a  tbe  fact,  tbat  though  external  pressure  doe^  thus  con  del 
the  mixture  of  a  body  of  air,  by  whieb  the  pressure  is  equa 
;d,  will  ntit  produce  the  eame  effect ;  and  therefore,  vapors  c 
thj^tmosnhere^The^uat^K 
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3irtaimer,*  in  his  Chounds  of  the  Antiphlogistic  .Tlicory^  may  be  con- 
sidered as  one  of  the  principal  ezponnders  of  this  view  of  the  matter. 
Sabe^  of  Warsaw,  was,  however,  the  strongest  of  the  defenders  of  the 
lieory  of  solution,  and  published  upon  it  repeatedly  about  1790.  Yet 
le  appears  to  have  been  somewhat  embarrassed  with  the  increase  of 
lie  ail's  elasticity  by  vapor.  Parrot,  in  1801,  proposed  another 
heory,  maintaining  that  De  Luc  had  by  no  means  successfully  attacked 
hat  of  solution,  but  only  De  Saussure's  superfluous  additions  to  it. 

It  is  diflScult  to  see  what  prevented  the  general  reception  of  the 
loctrine  of  independent  vapor ;  since  it  explained  all  the  facte  very 
imply,  and  the  agency  of  air  was  shown  over  and  over  again  to  be 
umecessary.  Yet,  even  now,  the  solution  of  water  in  air  is  hardly 
tzploded.  M.  Gay  Lussac,"  in  1800,  talks  of  the  quantity  of  water 
^held  in  solution^^  by  the  air;  which,  he  says,  varies  according  to  its 
«inperature  and  density  by  a  law  which  has  not  yet  been  discovered. 
ind  Professor  Robison,  in  the  article  "  Steam,"  in  the  EncyclopcBdia 
Briianmca  (published  about  1800),  says,"  "Many  philosophers  ima- 
(ine  that  spontaneous  evaporation,  at  low  temperatures,  is  produced  in 
his  way  (by  elasticity  alone).  But  we  cannot  be  of  this  opinion ;  and 
QOBt  still  think  that  this  kind  of  evaporation  is  produced  by  the  dis- 
olving  power  of  the  air."  He  then  gives  some  reasons  for  his  opinion. 
When  moist  air  is  suddenly  rarefied,  there  is  always  a  precipitation 
»f  water.  But  by  this  new  doctrine  the  very  contrary  should  happen, 
because  the  tendency  of  water  to  appear  in  the  elastic  form  is  promot- 
d  by  removing  the  external  pressure."  Another  main  difficulty  in 
he  way  of  the  doctrine  of  the  mere  mixture  of  vapor  and  air  was  sup- 
KMed  to  be  this ;  that  if  they  were  so  mixed,  the  heavier  fluid  would 
ake  the  lower  part,  and  the  lighter  the  higher  part,  of  the  space  which 
hey  occupied. 

The  former  of  these  argiunente  was  repelled  by  the  consideration 
hat  in  the  rarefaction  of  air,  ite  specific  heat  is  changed,  and  thus  its 
emperature  reduced  below  the  constituent  temperature  of  the  vapor 
diich  it  contains.  The  latter  argument  is  answered  by  a  reference  to 
Walton's  law  of  the  mixture  of  gases.  We  must  consider  the  esta- 
^lidiment  of  this  doctrine  in  a  new  section,  as  the  most  material  step 
0  the  true  notion  of  evaporation. 
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Sect  Z,—Dalt<m's  Doctrine  of  EvaporaHm. 

lON^  of  tliat  which  appears  to  be  the  true  notion  of  evaporati< 

twn,  with  greater  or  less  distincttiess  to  several  of  ibc  phy^fl 
}\\^x%  of  whom  we  have  spoken.     They  were  aware  that  d 
liieh  exiata  in  air,  in  au  invisible  state,  may  be  i^ondenaed  ifi 
J'  cold:  and  they  had  noticed  that,  in  any  atate  of  the  atm 
there  is  a  certain  temperature  louver  than  that  of  tlie  atm 
to  whicb,  if  we  depress  bodies,  water  forms  upon  them  in  fii 
ie  dew  ;  this  temperature  is  thence  called  the  detr-point    T\ 
f  water  which  exiata  anywhere  may  be  reduced  below  tJ 
af  heat  which  is  necessary  to  constitute  it  vapor,  and  thua 
0  he  vapor*     Hence  this  temperature  is  also  called  the  cotui 
jjiperature.    This  was  generally  known  to  the  mct4K>rolo^ 
ors  of  the  last  century,  although,  in  England,  attention  wi 
dly  called  to  it  by  Dr.  Weill's  ^*m^  or  Bew,  in  1814,    111 
■?.  readily  explains  how  the  cold  produced  by  rarefaction  of  K 
iri^  U^low  the  constituent  teinpt,"riitiire  of  the  coTit>iineil  viip< 
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the  air's  elasticity  by  vapor ;  condensation  by  its  various  causes ;  and 
other  phenomena. 

But  Mr.  Dalton  also  made  experiments  to  prove  his  fundamental 
principle,  that  if  two  different  gases  communicate,  they  will  diffuse 
themselves  through  each  other ;" — slowly,  if  the  opening  of  commu- 
nication be  small.  He  observes  also,  that  all  the  gases  had  equal  sol- 
vent powers  for  vapor,  which  could  hardly  have  happened,  had  che- 
mical affinity  been  concerned.  Nor  does  the  density  of  the  air  make 
any  difference. 

Taking  all  these  circumstances  into  the  account,  Mr.  Dalton  aban- 
doned the  idea  of  solution.  ^^  In  the  autumn  of  1801,"  he  says,  ^^  I  hit 
upon  an  idea  which  seemed  to  be  exactly  calculated  to  explain  the 
phenomena  of  vapor  :  it  gave  rise  to  a  great  variety  of  experiments," 
which  ended  in  fixing  it  in  his  mind  as  a  true  idea.  "  But,"  he  adds, 
"  the  theory  was  almost  universally  misunderstood,  and  consequently 
reprobated." 

Mr.  Dalton  answers  various  objections.  Berthollet  had  urged  that 
we  can  hardly  conceive  the  particles  of  an  elastic  substance  added  to 
those  of  another,  without  increasing  its  elasticity.  To  this  Mr.  Dalton 
replies  by  adducing  the  instance  of  magnets,  which  repel  each  other, 
but  do  not  repel  other  bodies.  One  of  the  most  curious  and  ingenious 
objections  is  that  of  M.  Gough,  who  argues,  that  if  each  gas  is  elastic 
with  regard  to  itself  alone,  we  should  hear,  produced  by  one  stroke,  four 
sounds ;  namely,  firsts  the  sound  through  aqueous  vapor ;  second^  the 
sound  through  azotic  gas;  thirds  the  sound  through  oxygen  gas; 
fourthj  the  sound  through  carbonic  acid.  Mr.  Dalton's  answer  is,  that 
the  difference  of  time  at  which  these  sounds  would  come  is  very  small ; 
and  that,  in  fact,  we  do  hear,  sounds  double  and  treble. 

In  his  New  System  of  Chemical  Pkilosophy,  Mr.  Dalton  considers 
the  objections  of  his  opponents  with  singular  candor  and  impartiality. 
He  there  appears  disposed  to  abandon  that  part  of  the  theory  which 
negatives  the  mutual  repulsion  of  the  particles  of  the  two  gases,  and 
to  attribute  their  diffusion  through  one  another  to  the  different  size  of 
the  particles,  which  would,  he  thinks,"  produce  the  same  effect. 

In  selecting,  as  of  permanent  importance,  the  really  valuable  part  of 
this  theory,  we  must  endeavor  to  leave  out  all  that  is  doubtful  or  un- 
proved.    I  believe  it  will  be  found  that  in  all  theories  hitherto  promul- 


"  Kew  Syttem  of  Chemieal  PhUotophy,  vol  L  p.  161. 
^  New  BytUm,  vol  i  p.  188. 
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gated,  all  assertions  respecting  the  properties  of  the  particles  oCbodi 
their  sizes,  distances,  attractions,  and  the  like,  are  insecure  and  HBfi 
fluous.  Passing  over,  then,  such  hypotheses,  the  inductions  irhk 
remain  are  these ; — ^that  two  gases  which  are  in  communication  m 
by  the  elasticity  of  each,  diffuse  themselyes  in  one  another,  quiddf  ^ 
slowly ;  and — ^that  the  quantity  of  steam  contained  in  a  certun  qi 
of  air  is  the  same,  whatever  be  the  air,  whatever  be  its  density,  I 
even  if  there  be  a  vacuum.  These  propositions  may  be  indttl 
together  by  saying,  that  one  gas  is  mechanically  mixed  with  anodi 
and  we  cannot  but  assent  to  what  Mr.  Dalton  says  of  the  latter  fiMSk 
^this  is  certainly  the  touchstone  of  the  mechanical  and  cheflK 
theories.**  This  doctrine  of  the  m^cJiani^ial  mixture  of  gases  appen 
supply  answers  to  all  the  difficulties  opposed  to  it  by  BerthoUefc  i 
others,  as  Mr.  Dalton  has  shown ;"  and  we  may,  therefore,  accept  i 
well  established. 

This  doctrine,  along  with  the  principle  of  the  constitttent  iMp 
tare  of  steam,  is  applicable  to  a  large  scncs  of  meteorological  and  ol 
consequences.  But  before  considering  tlie  applications  of  thecM] 
natural  phenomena,  which  have  been  made,  it  will  be  proper  to  Wf 
of  researches  which  were  carried  on,  in  a  great  measure,  in  conseqnc 
of  the  use  of  steam  in  the  arts :  I  mean  the  laws  which  connect 
elastic  force  with  its  constituent  temperature. 

Sect,  4. — Determination  of  the  Laws  of  the  Mastic  Force  of  SM 

TuE  expansion  of  aqueous  vapor  at  different  temperatures  is  goven 
like  that  of  all  other  vapors,  by  the  law  of  Dalton  and  Gay-Lu 
already  mentioned ;  and  from  this,  its  elasticity,  when  its  expanaoi 
resisted,  will  be  known  by  the  law  of  Boyle  and  Mariotte ;  namely 
the  rule  that  the  pressure  of  airy  fluids  is  as  the  condensation.  Bi 
is  to  be  observed,  tliat  this  process  of  calculation  goes  on  the  i 
position  that  the  steam  is  cut  off  from  contact  with  water,  so  that 
more  steam  can  be  generated ;  a  case  quite  different  from  the  comi 
one,  in  which  the  steam  is  more  abundant  as  the  heat  is  greater.  ' 
examination  of  the  force  of  vapur,  when  it  is  in  contact  with  wi 
must  be  briefly  noticed. 

During  the  period  of  which  we  have  been  speaking,  the  progrei 
the  investigation  of  the  laws  of  aqueous  vapor  was  much  accclen 


*  New  System^  vol  i  p.  160,  Ao. 
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by  the  growiDg  importance  of  the  steam-engine,  in  which  those  laws 
operated  in  a  practical  form.  James  Watts,  the  main  improver  of 
that  machine,  was  thus  a  great  contributor  to  speculative  knowledge, 
as  well  as  to  practical  power.  Many  of  his  improvements  depended 
on  the  laws  which  regulate  the  quantity  of  heat  which  goes  to  the 
formation  or  condensation  of  steam  ;  and  the  observations  which  led 
to  these  improvements  enter  into  the  induction  of  latent  heat  Mea- 
surements of  the  force  of  steam,  at  all  temperatures,  were  made  with 
the  same  view.  Watts's  attention  had  been  drawn  to  the  steam-engine 
in  1759,  by  Robison,  the  former  being  then  an  instrument-maker,  and 
^e  latter  a  student  at  the  University  of  Glasgow.^'  In  1761  or  1762, 
he  tried  some  experiments  on  the  force  of  steam  in  a  Papin's  Diges- 
ter ;"  and  formed  a  sort  of  working  model  of  a  steam-engine,  feeling 
already  his  vocation  to  develope  the  powers  of  that  invention.  His 
knowledge  was  at  that  time  principally  derived  from  Desaguliers  and 
Bclidor,  bat  his  own  experiments  added  to  it  rapidly.  In  1764  and 
1 765j  he  made  a  more  systematical  course  of  experiments,  directed  to 
ascertain  the  force  of  steam.  He  tried  this  force,  however,  only  at 
temperatures  above  the  boiling-point ;  and  inferred  it  at  lower  degrees 
from  the  supposed  continuity  of  the  law  thus  obtained.  His  friend 
Robison,  also^  was  soon  after  led,  by  reading  the  account  of  some  expe- 
riments of  Lord  Charles  Cavendish,  and  some  others  of  Mr.  Naime,  to 
examine  the  same  subject  He  made  out  a  table  of  the  correspondence 
of  the  elasticity  and  the  temperature  of  vapor,  from  thirty-two  to  twc 
hundred  and  eighty  degrees  of  Fahrenheit's  thermometer.^*  The 
thing  here  to  be  remarked,  is  the  establishment  of  a  law  of  the  pres- 
sure of  steam,  down  to  the  freezing-point  of  water.  Ziegler  of  Basle, 
in  1769,  and  Achard  of  Berlin,  in  1782,  made  similar  experiments. 
Tlie  latter  examined  also  the  elasticity  of  the  vapor  of  alcohol.  Be- 
tancourt,  in  1792,  published  his  Memoir  on  the  expansive  force  <^ 
vi^rs ;  and  his  tables  were  for  some  time  considered  the  most  exact 


**  Robison's  Warkt,  voL  il  p.  113. 

'*  Denis  Papin,  who  made  many  of  Boyle*s  ezperimentB  for  him,  had  disoo- 
ver«d  that  if  the  vapor  be  prevented  from  rising,  the  water  becomes  hotter  than 
the  usual  boiling-point ;  and  had  hence  invented  the  instroment  called  PapinU 
Digetter.  It  is  described  in  his  book,  La  manitre  tTamolir  lea  ot  et  deftUre 
cmre  tcuU9  aortsde  viandes  enfortpeu  de  tempt  et  a  peu  defrais,    Paris,  1682. 

*  These  were  afterwards  pubHsbed  in  the  Encyehpatdia  Britanniea  ;  in  the 
article  "  Steam,"  written  by  Bobison. 
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Pronj,  in  his  Architecture  Hydraulique  (1796),  estaUiahed  a  mad 
matical  formula,**  on  the  experiments  of  Betanconrt,  who  began  1 
researches  in  the  belief  that  he  was  first  in  the  field,  although* 
afterwards  found  that  he  had  been  anticipated  by  Zi^ler.  Gren  ed 
pared  the  experiments  of  Betancourt  and  De  Luc  with  his  own.  ] 
ascertained  an  important  &ct,  that  when  water  hcUs^  the  elasticitj 
the  steam  is  equal  to  that  of  tlie  atmosphere.  Schmidt  at  Giw 
endeavored  to  improve  the  apparatus  used  by  Betancooit ;  and  Bil 
of  Rotterdam,  in  1800,  made  new  trials  for  the  same  purpose. 

In  1801,  Mr.  Dalton  communicated  tc  the  Philosophical  Sodelj 
Manchester  his  investigations  on  this  subject;  observing  tnily,  tl 
though  the  forces  at  high  temperatures  are  most  important  wl 
steam  is  considered  as  a  mechanical  agent,  the  progress  of  philosof 
is  more  immediately  interested  in  accurate  observations  on  the  fci 
at  low  temperatures.  He  also  found  that  liis  elasticities  for  eqnk 
tant  temperatures  resembled  a  geometrical  progression^  but  with  a  n 
constantly  diminishing.  Dr.  Tire,  in  1818,  published  in  the  PhXk 
pkical  Transactions  of  London,  experiments  of  the  same  kind,  Tal 
ble  from  the  high  temperatures  at  which  they  were  made,  and  for  1 
simplicity  of  his  apparatus.  The  law  which  he  thus  obtained  i 
proached,  like  Dalton^  to  a  geometrical  progression.  Dr.  Ure  ■ 
that  a  formula  proposed  by  M.  Biot  gives  an  error  of  near  nine  ind 
out  of  seventy-five,  at  a  temperature  of  266  degrees.  This  is  ▼» 
conceivable,  for  if  the  formula  be  wrong  at  all,  the  geometrical  ji 
gress  rapidly  inflames  the  error  in  the  higher  portions  of  the  n 
The  elasticity  of  steam,  at  high  temperatures,  has  also  been  expi 
mentally  examined  by  Mr.  Southern,  of  Soho,  and  Mr.  Sharpen 
Manchester.  Mr.  Dalton  has  attempted  to  deduce  certain  geoc 
laws  from  Mr.  Sharpens  experiments ;  and  other  persons  have  offe 
other  rules,  as  those  which  govern  the  force  of  steam  with  referenoi 
the  temperature :  but  no  rule  appears  yet  to  have  assumed  the  chai 
ter  of  an  established  scientific  truth.  Yet  the  law  of  the  expani 
force  of  steam  is  not  only  required  in  order  that  the  steam-eng 
may  be  employed  with  safety  and  to  the  best  advantage ;  but  m 
also  be  an  important  point  in  every  consistent  thermotical  theory. 

[2nd  Ed.]  [To  the  experiments  on  steam  made  by  private  p! 
sicists,  are  to  be  added  the  experiments  made  on  a  grand  scale 
order  of  the  governments  of  France  and  of  America,  with  a  view 


"  Ard^iUeture  Sydraulique,  Seoonde  Firtie,  p.  168. 
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legislation  on  the  subject  of  steam-engines.  The  French  experimenti 
were  made  in  182d»  under  the  direction  of  a  commission  consisting 
of  some  of  the  most  distiDgaished  members  of  the  Academy  of 
Sciences ;  namely,  MM.  de  Prony,  Arago,  Girard,  and  Dolong.  The 
American  experiments  were  placed  in  the  hands  of  a  committee  of 
the  Franklin  Institute  of  the  State  of  Pennsylvania,  consisting  of  Profl 
Bache  and  others,  in  1830.  The  French  experiments  went  as  high 
as  486^  of  Fahrenheit's  thermometer,  corresponding  to  a  pressure  of 
60  feet  of  mercury,  or  24  atmospheres.  The  American  experiments 
were  made  up  to  a  temperature  of  346^  which  corresponded  to  214 
inches  of  mercury,  more  than  9  atmospheres.  The  extensive  range 
of  these  experiments  affords  great  advantages  for  determining  the  law 
of  the  expansive  force.  The  French  Academy  found  that  their 
experiments  indicated  an  increase  of  the  elastic  force  according  to  the 
jyih  power  of  a  binominal  1  +  mt,  where  t  is  the  temperature.  The 
American  Institute  were  led  to  a  sixth  power  of  a  like  binominal. 
Other  experimenters  have  expressed  their  results,  not  by  powers  of 
the  temperature,  but  by  geometrical  ratios.  Dr.  Dalton  had  supposed 
that  the  expansion  of  mercury  being  as  the  square  of  the  true  tem- 
perature above  its  freezing-point,  the  expansive  force  of  steam  increases 
in  geometrical  ratio  for  equal  increments  of  temperature.  And  the 
author  of  the  article  Steam  in  the  Seventh  Edition  of  the  Encydo- 
pcedia  Britannica  (Mr.  J.  S.  Russell),  has  found  that  the  experiments 
are  best  satisfied  by  supposing  mercury,  as  well  as  steam,  to  expand 
in  a  geometrical  ratio  for  equal  increments  of  the  true  temperature. 

It  appears  by  such  calculation,  that  while  dry  gas  increases  in  the 
ratio  of  8  to  11,  by  an  increase  of  temperature  from  freezing  to  boiling 
water ;  steam  in  contact  with  water,  by  the  same  increase  of  tempera- 
tare  above  boiling  water,  has  its  expansive  force  increased  in  the  pro- 
portion of  1  to  12.  By  an  equal  increase  of  temperature,  mercury 
expands  in  about  the  ratio  of  8  to  9. 

Recently,  MM.  Magnus  of  Berlin,  Holzmann  and  Regnault,  have 
made  series  of  observations  on  the  relation  between  temperature  and 
elasticity  of  steam.'* 

Prc£  Magnus  measured  his  temperatures  by  an  air-thermometer ;  a 
process  which,  I  stated  in  the  first  edition,  seemed  to  afford  the  beet 
promise  of  simplifying  the  law  of  expansion.    His  result  is,  that  the 


*  See  Taylor's  ScterUifie  Memoira,  Aug.  1846,  vol  iv.  part  xiv.,  and  AfUL  de 
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elasticity  proceeds  in  a  geometric  series  when  the  tempeiatoie  p%, 
ceeds  in  an  arithmetical  scries  nearly ;  the  differences  of  tempenftq|, 
for  equal  augmentations  of  the  ratio  of  elasticity  being  somewhifej 
greater  for  the  higher  tcmperatores. 

The  forces  of  the  vapors  of  other  liquids  in  contact  with  thfli( 
liquids,  determined  by  Dr.  Faraday,  as  mentioned  in  Chap.  ii.  Sectly 
are  analogous  to  the  elasticity  of  steam  here  spoken  of]  .,, 

Sect,  5. — Consequences  of  the  Doctrine  of  Evaporation. — ExpktmaJtim 
of  Rain,  Dew,  and  Clouds. 

The  discoveries  concerning  the  relations  of  heat  and  moisture  wlyeb 
were  made  during  the  last  century,  were  principally  suggested  I9 
meteorological  inquiries,  and  were  applied  to  meteorology  as  fiist  if 
they  rose.  Still  there  remains,  on  many  points  of  this  sabjecti  M 
much  doubt  and  obscurity,  that  we  cannot  suppose  the  doctrines. to 
liavc  assumed  their  final  form ;  and  therefore  we  are  not  here  callaj 
upon  to  trace  their  progress  and  connexion.  The  principles  of  atmO' 
logy  are  pretty  well  understood ;  but  tlie  diflBculty  of  observing  the 
conditions  under  which  they  produce  their  effects  in  the  atmoepihen 
is  so  great,  that  the  precise  theory  of  most  meteorological  phenomeiMi 
is  still  to  bo  determined. 

We  have  already  considered  the  answci's  given  to  the  questioQj 
According  to  what  rules  does  transparent  aqueous  vapor  resume  it| 
form  of  visible  water  ?  This  question  includes,  not  only  the  proUenn 
of  Rain  and  Dew,  but  also  of  Clouds ;  for  clouds  are  not  vapor,  bal 
water,  vapor  being  always  invisible.  An  opinion  which  attracted 
much  notice  in  its  time,  was  that  of  Hutton,  who,  in  1784,  endeavoied 
to  prove  that  if  two  masses  of  air  saturated  with  transparent  vapor  fl| 
different  temperatures  are  mixed  together,  the  precipitation  of  wata^ 
in  the  form  either  of  cloud  or  of  drops  will  take  place.  The  reaagq 
lie  assigned  for  the  opinion  was  this :  that  the  temperature  <^  thi 
mixture  is  a  mean  between  the  two  temperatures,  but  that  the  force  4 
the  vapor  in  the  mixture,  which  is  the  mean  of  the  forces  of  the  tirq 
component  vapors,  will  be  greater  than  that  which  corresponds  to  tibf 
mean  temperature,  since  the  force  increases  fifister  than  the  tempei» 
ture ;  **  and  hence  some  part  of  the  vapor  will  be  precipitated.  Thii 
loctrine^  it  will  be  seen,  speaks  of  vapor  as  ^^  saturating  ^  air,  and  11 


"  Edin,  Trans,  voL  i.  p.  42. 
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therefbre,  in  this  form,  inconsistent  with  Dalton's  principle ;  bat  it  is 
not  di£Scolt  to  modify  the  expression  so  as  to  retain  the  essential  part 
of  the  explanation. 

Dew. — ^The  principle  of  a  ^  constituent  temperature"  of  steam,  and 
the  explanation  of  the  ^  dew-pointy"  were  known,  as  we  have  said 
(chap,  iii  sect  3,)  to  the  meteorologists  of  the  last  century ;  but  we 
perceive  how  incomplete  their  knowledge  was,  bj  the  very  gradual 
manner  in  which  the  consequences  of  this  principle  were  traced  out. 
We  have  already  noticed,  as  one  of  the  books  which  most  drew  atten- 
tion to  the  true  doctrine,  in  this  country  at  least,  Dr.  Wells^s  Essay  on 
J>ew^  published  in  1814.  In  this  work  the  author  gives  an  account  of 
the  progress  of  his  opinions  ;**  "  I  was  led,"  he  says,  "  in  the  autumn 
of  1784,  by  the  event  of  a  rude  experiment,  to  think  it  probable  that 
the  formation  of  dew  is  attended  with  the  production  of  cold."  This 
was  confinned  by  the  experiments  of  others.  But  some  years  after, 
^  upon  0(»i8idering  the  subject  more  closely,  I  began  to  suspect  that 
Mr.  Wilson,  Mr.  Six,  and  myself  had  all  committed  an  error  in  regard- 
ing the  cold  which  accompanies  the  dew,  as  an  effect  of  the  formation 
of  the  dew."  He  now  considered  it  rather  as  the  catue :  and  soon 
found  that  he  was  able  to  account  for  the  circumstances  of  this  forma- 
tion, many  of  them  curious  and  paradoxical,  by  supposing  the  bodies 
on  which  dew  is  deposited,  to  be  cooled  down,  by  radiation  into  the 
dear  ni^t-sky,  to  the  proper  temperature.  The  same  principle  will 
obviously  explain  the  formation  of  mists  over  streams  and  lakes  when 
the  air  is  cooler  than  the  water ;  which  was  put  forward  by  Davy, 
even  in  1819,  as  a  new  doctrine,  or  at  least  not  familiar. 

Hygrcmeier$. — According  as  air  has  more  or  less  of  vapor  in  com- 
parison with  that  which  its  temperature  and  pressure  enable  it  to  con- 
tain, it  18  more  or  less  humid ;  and  an  instrument  which  measures  the 
degrees  of  such  a  gradation  is  a  hygrometer.  The  hygrometers  which 
were  at  first  invented,  were  those  which  measured  the  moisture  by  its 
effect  in  producing  expansion  or  contraction  in  certain  organic  sub- 
stances;  thus  De  Saussure  devised  a  hair-hygrometer,  De  Luc  a 
whalebone-hygrometer,  and  Dalton  used  a  piece  of  whipcord.  All 
these  contrivances  were  variable  in  the  amount  of  their  indications 
under  the  same  circumstances;  and,  moreover,  it  was  not  easy  to 
know  the  physical  meaning  of  the  degree  indicated.  The  dew-point, 
or  constituent  temperature  of  the  vapor  which  exists  in  the  air,  is,  on 


**  SBtayon  Dew,  p.  1. 
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the  other  hand,  both  constant  and  definite.  Hie  detenninatioa^h 
this  point,  as  a  datum  for  the  moistare  of  the  atmo^here^  wm  iNk^ 
ployed  by  Le  Roi,  and  by  Dalton  (1802),  the  condenaatkm  bd^ 
obtained  by  cold  water  :'*  and  finally,  Mr.  Daniell  (1812)  euiiuUialu 
an  instroment,  where  the  condensing  temperature  was  produced  4^ 
evaporation  of  ether,  in  a  very  convenient  manner.  This 
(DanielPs  Hygrometer)  enables  us  to  determine  the  qoantity  <tf  i 
which  exists  in  a  given  mass  of  the  atmosphere  at  any  time  of  < 
ation.  -♦* 

[2nd  Ed.]  [As  a  happy  application  of  the  Atmological  Lw 
which  have  been  discovered,  I  may  mention  the  completion  of  fli 
theory  and  use  of  the  Wet-bulb  Hygrojneter  ;  an  instroment  in  wUd 
from  the  depression  of  temperature  produced  by  wetting  the  bulb  ill 
thermometer,  we  infer  the  further  depression  which  would  piodM 
dew.  Of  this  instrument  the  history  is  thus  summed  up  by  Pra 
Forbes : — ^  Hutton  invented  the  method ;  Leslie  revived  and  exteoil 
it,  giving  probably  the  earliest,  though  an  imperfect  theory ;  Gmy-Lii 
sac,  by  his  excellent  experiments  and  reasoning  from  them,  compkAi 
the  theory,  so  far  as  perfectly  dry  air  is  concerned ;  Ivory  extendi 
the  theory ;  which  was  reduced  to  practice  by  Auguste  and  Bohnei 
berger,  who  determined  the  constant  with  accuracy.  English  obaer 
ers  have  done  little  more  than  confirm  the  conclusions  of  our  indfl 
triouA  Germanic  neighbors ;  nevertheless  the  experiments  of  Ajgoll 
and  Prinsep  must  ever  be  considered  as  conclusively  settling  the  vaU 
of  the  coefficient  near  the  one  extremity  of  the  scale,  as  those  i 
K»mtz  have  done  for  the  other."** 

Pro£  Forbes's  two  Reports  On  the  Recent  Progress  and  Pr 
State  of  Mttetyrology  given  among  the  Reports  of  the  British  . 
tion  ioT  1832  and  1840,  contain  a  complete  and  luminous  accoonl'l 
recent  researches  on  this  subject.  It  may  perhaps  be  asked  wlij: 
have  not  given  Meteorology  a  place  among  the  Inductive  Scieneei 
but  if  the  I'eader  refers  to  these  accounts,  or  any  other  adequate  n« 
of  the  subject,  he  will  see  that  Meteorology  is  not  a  single  IndncA 
Science,  but  the  application  oT  several  sciences  to  the  explanation  a 
terrestrial  and  atmospheric  phenomena.  Of  the  sciences  so  i^jdiei 
Themootios  and  Atmology  are  the  principal  ones.  But  othera  ah 
come  into  play ;  as  Optics,  in  the  explanation  of  Rainbows,  Halo 


**  Darnell,  Met  Fti.  p.  142.     Manch.  Mem,  voL  v.  p  681. 
^  Second  Repori  <m  Meteorology,  p  101. 
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Pailielk,  Coroiiffi,  Olories,  and  the  like ;  fSectricity,  in  the  explan»> 
tion  of  Thunder  and  lightning,  Hail,  Anrora  Borealis ;  to  which  othen 
mig^t  be  added.] 

Ckmds, — ^When  vapor  becomes  visible  by  being  cooled  below  its 
coDftitaent  temperature,  it  forms  itself  into  a  very  fine  watery  powder, 
the  diameter  of  the  particles  of  which  this  powder  consists  being  very 
small :  they  are  estimated  by  various  writers,  from  1-1 00,000th  to 
1.20,000th  of  an  inch.**  Such  particles,  even  if  solid,  would  descend 
very  slowly ;  and  very  slight  causes  would  suffice  for  their  suspension, 
without  recurring  to  the  hypothesis  of  vesicles,  of  which  we  have 
already  spoken.  Indeed  that  hypothesis  will  not  explain  the  &ct, 
except  we  suppose  these  vesicles  filled  with  a  rarer  air  than  that  of 
the  atmosphere;  and,  accordingly,  though  this  hypothesis  is  still 
maintained  by  some,*'  it  is  asserted  as  a  fact  of  observation,  proved  by 
optical  or  other  phenomena,  and  not  deduced  from  the  suspension  of 
clouds.  Yet  the  latter  result  is  still  variously  explained  by  different 
philosophers:  thus,  M.  Gay-Lussac**  accounts  for  it  by  upward  cur- 
rents of  air,  and  Fresnel  explains  it  by  the  heat  and  rarefaction  of  air 
in  the  interior  of  the  cloud. 

ClassifiaUion  of  Clouds, — A  classification  of  clouds  can  then  only 
be  coufflstent  and  intelligible  when  it  rests  upon  their  atmological  con- 
ditions. Such  a  system  was  proposed  by  Mr.  Luke  Howard,  in  1802-8. 
His  primary  modifications  are.  Cirrus^  Cumulus,  and  Stratus,  which 
the  Germans  have  translated  by  terms  equivalent  in  English  to  feather- 
ehudf  heap-cloudj  and  layer-cloud.  The  cumulus  increases  by  accumu- 
lations on  its  top,  and  floats  in  the  air  with  a  horizontal  base ;  the  strar 
tU8  grows  from  below,  and  spreads  along  the  earth ;  the  cirrus  consists 
of  fibres  in  the  higher  regions  of  the  atmo^here,  which  grow  every 
way.  Between  the  simple  modifications  are  intermediate  ones,  cirro- 
cumulus  and  cirro-stratus  ;  and,  again,  compound  ones,  the  cumulo- 
strahu  and  the  nimbus,  or  rain-cloud.  These  distinctions  have  been 
generally  accepted  all  over  Europe :  and  have  rendered  a  description 
of  all  the  processes  which  go  on  in  the  atmosphere  far  more  definite 
and  dear  than  it  could  be  made  before  their  use. 

I  omit  a  mass  of  &cts  and  opinions,,  supposed  laws  of  phenomena 
and  assigned  causes,  which  abound  in  meteorology  more  than  in  an^ 
other  science.    The  slightest  consideration  will  show  us  what  a  great 


^  Effimtc,  MeL  I  898  *"  lb.  i  898.    Robison,  il  18. 
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amount  of  labor,  <^  pene yerhig  and  combined  observationy  the 
of  this  branch  of  knowledge  requirea.    I  do  not  even 
dition  of  the  more  elevated  parts  of  the  atmosphere.    The 
of  temperature  as  we  ascend,  one  of  the  most  marked  of 
fiicta,  has  been  variously  explained  by  different  writers.  Thus 
(1808)  refers  it  to  a  principle  ^that  each  atom  of  air,  in  the 
pendicular  column,  is  possessed  of  the  same  degree  of  heafti' 
principle  he  conceives  to  be  entirely  empirical  in  this  case. 
says'*  (1817),  ^  This  phenomenon  results  £ix>m  several  causes : 
the  principal  is  the  progressive  extinction  of  the  rays  of  heat  in 
succeasive  strata  of  the  atmosphere.'' 

Leaving,  therefore^  the  application  of  thermotical  and 
principles  in  particular  cases,  let  us  consider  for  a  moment  the 
views  to  which  they  have  led  philosophers. 


CnAPTER  IV. 
Physical  Theories  of  Hbat. 


WHEN  wo  look  at  the  condition  of  that  branch  of  knowledge  which, 
according  to  the  phraseology  already  employed,  we  must  call 
Physical  ThermotieSy  in  opposition  to  Formal  Thennotics,  which  givn 
us  detached  laws  of  phenomena,  we  find  the  prospect  very  differaafc 
from  that  which  was  presented  to  us  by  physical  astronomy,  opticsi  aad 
acoustics.  In  these  sciences,  the  maintainers  of  a  distinct  and  compn- 
hensive  theory  have  professed  at  least  to  show  that  it  explains  and  ]» 
dudes  the  principal  laws  of  phenomena  of  various  kinds ;  in  Thenao- 
tics,  we  have  only  attempts  to  explain  a  part  of  the  facts.  We  haire 
here  no  example  of  an  hypothesis  which,  assumed  in  order  to  ezplaia 
one  class  of  phenomena,  has  been  found  also  to  account  exactly  te 
another ;  as  when  central  forces  led  to  the  procession  of  the  equinoiXii^ 
or  when  the  explanation  of  polarization  explained  also  double  le&ae* 
tion ;  or  when  the  pressure  of  the  atmosphere,  as  measured  by  the 
barometer,  gave  the  true  velocity  of  sound.  Such  coincidencesi  or 
conailieneea^  as  I  have  elsewhere  called  them,  are  the  test  of  truth;  and 
thermotical  theories  cannot  yet  exhibit  credentials  of  this  kind. 


•New  8ytt,  of  Chenu  voL  L  p  125.  ^  Ann.  CkUn,  vi  286. 
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On  looking  back  at  our  view  of  this  science,  it  will  be  seen  that  it 
may  be  distingaahed  into  two  parts ;  the  Doctrines  of  Conduction  and 
Badiation,  which  we  call  Thennotics  proper ;  and  the  Doctrines  res- 
peetmg  the  relation  of  Heat^  Airs,  and  Moistore,  which  we  hare  teimed 
Atmology.  These  two  subjects  differ  in  their  bearing  on  our  hjrpothe- 
ticalTiewB. 

ThermoHcal  Theories. — ^The  j^enomena  of  radiant  heat,  like  those 
ci  radiant  hght,  obyionsly  admit  of  general  explanation  in  two  differ- 
ent ways ; — bj  the  emission  of  material  particles,  or  by  the  propaga- 
tion of  undolations.  Both  these  opinions  have  found  supporters. 
Probably  most  persons,  in  adopting  Prevost's  theory  of  exchanges,  con- 
ceive the  radiation  of  heat  to  be  the  radiation  of  matter.  The  undu- 
lation hypothesis,  on  the  other  hand,  appears  to  be  suggested  by  the 
production  of  heat  by  friction,  and  was  accordingly  maintained  by 
Rumford  and  others.  Leslie^  appears,  in  a  great  part  of  his  Inquiry^ 
to  be  a  supporter  of  some  undulatory  doctrine,  but  it  is  extremely  diffi 
cult  to  make  out  what  his  undulating  medium  is ;  or  rather,  his  opi- 
nions wavered  during  his  progress.  In  page  31,  he  asks  "  What  is  this 
calorific  and  frigorific  fluid  f '  and  after  keeping  the  reader  in  suspense 
for  a  moment,  he  replies, 

**  Quod  petis  hio  est 

It  is  merely  the  ambient  AIR."  But  at  page  150,  he  again  asks  the 
question,  and,  at  page  188,  he  answers,  "  It  is  the  same  subtile  matter 
diat,  according  to  its  different  modes  of  existence,  constitutes  either  heat 
or  light."  A  person  thus  vacillating  between  two  opinions,  one  of  which 
is  palpably  &lse^  and  the  other  laden  with  exceeding  difficulties  which 
he  does  not  even  attempt  to  remove,  had  little  right  to  protest  against' 
''the  sportive  freaks  of  some  intangible  aura  ;"  to  rank  all  other  hypo- 
dieaes  than  his  own  with  the  *^  occult  qualities  of  the  schools ;''  and  to 
class  the  ''prejudices"  of  his  opponents  with  the  tenets  of  those  who 
maintained  the  ytc^  vaeui  in  opposition  to  Torricelli.  It  is  worth 
while  noticing  this  kind  of  rhetoric,  in  order  to  observe,  that  it  may 
be  used  just  as  easily  on  the  wrong  side  as  on  the  right 

TSl  recently,  the  theory  of  material  heat,  and  of  its  propagation  by 
emisflion,  was  probably  the  one  most  in  fiEivor  with  those  who  had 
studied  mathematical  thermoties.    As  we  have  said,  the  laws  of  con- 
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daction,  in  their  ultimate  analytical  fonn,  were  alnuMt  identical  «■■'* 
the  laws  of  motion  of  fluids.    Fourier's  principle  also,  that  the  i 
tion  of  heat  takes  place  £ix>m  points  below  the  su&ce,  and  is  i 
ed  by  the  superficial  particles,  appears  to  fi&vor  the  notion  of  i 
emission* 

Accordingly,  some  of  the  roost  eminent  modem  French 
cians  have  accepted  and  extended  the  hypothesis  of  a  material  caMM 
In  addition  to  Fourier's  doctrine  of  molecular  extra-radiation,  LqUA 
and  Poisson  have  maintained  the  hypothesis  of  molecular  inirarfwMli 
turn,  as  the  mode  in  which  conduction  takes  place ;  that  is,  thej  ri^ 
that  the  particles  of  bodies  are  to  be  considered  as  discrete,  or  i 
separated  from  each  other,  and  acting  on  each  other  at  a 
and  the  conduction  of  heat  from  one  part  to  another,  is  performed  1^ 
radiation  between  all  neighboring  particles.  They  hold  that,  witiMNi 
this  hypothesis,  the  differential  equations  expressing  the  conditiona  d 
conduction  cannot  be  made  homogeneous :  but  this  assertion  resl%  ] 
conceive,  on  an  error,  as  Fourier  has  shown,  by  dispensing  with  Al 
hypothesis.  The  necessity  of  the  hypothesis  of  discrete  molecdii 
action  in  bodies,  is  maintained  in  all  cases  by  M.  Poisson ;  and  he  hM 
asserted  Laplace's  theory  of  capillary  attraction  to  be  defective  on  fU 
ground,  as  Laplace  asserted  Fourier's  reasoning  respecting  heat  to  bl 
so.  In  reality,  however,  this  hypothesis  of  discrete  molecules  cannol 
be  maintained  as  a  physical  truth ;  for  the  law  of  molecular  actiM 
which  is  assumed  in  the  reasoning,  after  answering  its  purpose  in  At 
progress  of  calculation,  vanishes  in  the  result;  the  conclusion  la  lil 
same,  whatever  law  of  the  intervals  of  the  molecules  be  assumed.  Hi 
definite  integral,  which  expresses  the  whole  action,  no  more  piofv 
that  this  action  is  actually  made  of  the  differential  parts  by  meioia  dl 
which  it  w&s  found,  than  the  processes  of  finding  the  weight  of  a  bddj) 
by  integration,  prove  it  to  be  made  up  of  differential  weights.  AM 
therefore,  even  if  we  were  to  adopt  the  emission  theory  of  heat,  we  m^ 
by  no  means  bound  to  take  along  with  it  the  hypoliiesis  of  diserefei 
molecules. 

But  the  recent  discovery  of  the  refraction,  polarization,  and  depblari 
zation  of  heat,  has  quite  altered  the  theoretical  aspect  of  the  sobjeel 
and,  almost  at  a  single  blow,  ruined  the  emission  theory.  Since  hei) 
is  reflected  and  refracted  like  light,  analogy  would  lead  us  to  condodi 
that  the  mechanism  of  the  processes  is  the  same  in  the  two  cases 
And  when  we  add  to  these  properties  the  property  of  polarization,  it  i 
scarcely  possible  to  believe  otherwise  than  that  heat  consists  in  trmna 
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Tcne  TibratioiiB;  for  no  wise  philosopher  would  attempt  an  explanation 
fay  ascribing  poles  to  the  emitted  particles,  after  the  experience  which 
0|ikic8  affords,  of  the  utter  fidlure  of  such  machinery. 

But  here  the  question  occurs,  If  heat  consists  in  vibrations,  whence 
ames  the  extraordinary  identity  of  the  laws  of  its  propagation  with  the 
hwB  of  the  flow  of  matter  ?  How  is  it  that,  in  conducted  heat,  this 
vSnmtion  creeps  slowly  from  one  part  of  the  body  to  another,  the  part 
fini heated  remaining  hottest;  instead  of  leaving  its  first  place  and 
tianrelling  rapidly  to  another,  as  the  vibrations  of  sound  and  light  do  ? 
Die  answer  to  these  questions  has  been  put  in  a  very  distinct  and  plan- 
riUe  form  by  that  distinguished  philosopher,  M.  Ampere,  who  published 
9k  Nate  en  Heat  and  Light  considered  as  the  results  of  Vibratory 
MoUon^*  in  1834  and  1835  ;  and  though  this  answer  is  an  hypothesis, 
it  at  least  shows  that  there  is  no  &tal  force  in  the  difficulty. 

M.  Amp^re^s  hypothesis  is  this ;  that  bodies  consist  of  solid  mole- 
cules, which  may  be  considered  as  arranged  at  intervals  in  a  very  rare 
ether;  and  that  the  vibrations  of  the  molecules,  causing  vibrations  of 
the  ether  and  caused  by  them,  constitute  heat.  On  these  suppositions, 
we  should  have  the  phenomena  of  conduction  explained ;  for  if  the 
molecules  at  one  end  of  a  bar  be  hot,  and  therefore  in  a  state  of  vibra- 
tion, while  the  others  are  at  rest,  the  vibrating  molecules  propagate 
fibrations  in  the  ether,  but  these  vibrations  do  not  produce  heat, 
except  in  proportion  as  they  put  the  quiescent  molecules  of  the  bar 
in  Tibration ;  and  the  ether  being  very  rare  compared  with  the  mole- 
cules, it  is  only  by  the  repeated  impulses  of  many  successive  vibrations 
thali  the  nearest  quiescent  molecules  are  made  to  vibrate ;  after  which 
they  combine  in  communicating  the  vibration  to  the  more  remote 
molecules.  ^  We  then  find  necessarily,''  M.  Ampere  adds,  ^  the  same 
equations  as  those  found  by  Fourier  for  the  distribution  of  heat,  setting 
out  from  the  same  hypothesis,  that  the  temperature  or  heat  transmitted 
m  proportional  to  the  difference  of  the  temperatures. " 

Since  the  undulatory  hypothesis  of  heat  can  thus  answer  all  obvious 
objections,  we  may  consider  it  as  upon  its  trial,  to  be  confirmed  or 
modified  by  future  discoveries ;  and  especially  by  an  enlarged  know- 
ledge of  the  laws  of  the  polarization  of  heat 

[2nd  Ed.]  [Since  the  first  edition  was  written,  the  analogies  between 
bf^t  and  heat  have  been  further  extended,  as  I  have  already  stated.    It 
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has  been  discovered  by  MM.  Bk>t  and  MeUoni  that^BMti  impte 
circular  polarization  upon  heat ;  and  by  "Erot  Foitqitj^^  mici 
certain  thickness,  produces  phenomena  siieh  as  wonli|g||^prodD( 
the  impression  of  circular  polarization  of  the  suppoeed  transreir 
brations  of  radiant  heat ;  and  further,  a  rhomb  of  rock-salt,  of  the 
of  the  glass  rhomb  vihich.  verified  Fresnel's  extraordinary  antid 
of  the  circular  polarization  of  light,  verified  the  expectation,  fo 
upon  other  analogies,  of  the  polarization  of  heat  By  passing  pol 
heat  through  various  thicknesses  of  mica,  Profl  Forbes  has  atfee 
to  calculate  the  length  of  an  undulation  for  heat 

These  analogies  cannot  £ul  to  produce  a  strong  disposition  to  1 
that  light  and  heat,  essences  so  closely  connected  that  they  can! 
be  separated,  and  thus  shown  to  have  so  many  curious  propei 
common,  are  propagated  by  the  same  machinery ;  and  thus  we  i 
to  an  Undulatory  Theory  of  Heat 

Yet  such  a  Theory  has  not  yet  by  any  means  received  fbl 
firmation.  It  depends  upon  the  analogy  and  the  connexion  i 
Theory  of  Light,  and  would  have  little  weight  if  those  were  rei 
For  the  separation  of  the  rays  in  double  refraction,  and  the  phen 
of  periodical  intensity,  the  two  classes  of  facts  out  of  which  the 
ktory  Theory  of  Optics  principally  grew,  have  neither  of  then 
detected  in  thcrmotical  experiments.  Prof.  Forbes  has  assumed 
nations  of  heat  for  increasing  thicknesses  of  mica,  but  in  his  exper 
we  find  only  one  maximum.  The  occurrence  of  alternate  maxiii 
minima  under  the  like  circumstances  would  exhibit  visible  wv 
heat,  as  the  fringes  of  shadows  do  of  light,  and  would  thus  add 
to  the  evidence  of  the  theory. 

Even  if  I  conceived  the  Undulatory  Theory  of  Heat  to  b 
established,  I  should  not  venture,  as  yet,  to  describe  its  establii 
as  an  event  in  the  history  of  the  Inductive  Sciences.  It  is  onlj 
interval  of  time  after  such  events  have  taken  place  that  their  I 
and  character  can  be  fiiliy  understood,  so  as  to  suggest  lessons 
Philosophy  of  Science.] 

Atmologieal  Theories. — ^Hypotheses  of  the  relations  of  heat  i 
almost  necessarily  involve  a  reference  to  the  forces  by  which  th 
position  of  bodies  is  produced,  and  thus  cannot  properly  be  tres 
till  we  have  surveyed  the  condition  of  chemical  knowledge.  I 
may  say  a  few  words  on  one  such  hypothesis ;  I  mean  the  hyp 
on  the  subject  of  the  atmological  laws  of  heat,  proposed  by  Lap] 
the  twelfth  Book  of  the  Mecanique  Celeste^  and  published  in 
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itiriU  be  TCCoUieted  that  the  main  laws  of  phenomena  for  which  we 
^*^  ^  •oofa^lhfty  means  of  such  an  hypothesis,  are  the  following : — 

(1.)  Hie  flPM  Boyle  and  Mariotte,  that  the  elasticity  of  an  air 
Ttxiea  18  its  density.    See  Chap,  iii.,  Sect  1  of  this  Book. 

(2.)  The  Lawof  Qay-Lussac  andDalton,  that  all  airs  expand  equally 
ky  beat.    See  Chap.  u.  Sect  1. 

(8.)  The  production  of  heat  by  sudden  compression.  See  Chap.  iL 
Sects. 

(4.)  Daltcm's  principle  ofthe  mechanical  mixture  of  airs.  See  Chap. 
m.  Sect  8. 

(6.)  The  Law  of  expansion  of  soHds  and  fluids  by  heat  See  Chap. 
iLSectl. 

(6.)  Changes  of  consistence  by  heat,  and  the  doctrine  of  latent  heat 
See  Chap.  iL  Sect  8. 

(7.)  The  Law  of  the  expansive  force  of  steam.  See  Chap.  iii. 
Sect  4. 

Besidsi  these,  there  are  laws  of  which  it  is  doubtful  whether 
they  are  <»r  are  not  mcluded  in  the  preceding,  as  the  low  temperature 
of  the  air  in  the  higher  parte  of  the  atmosphere.  (See  Chap.  iii. 
Sect  5.) 

Ls^dace^s  hypothesis*  is  this : — ^that  bodies  consist  of  particles,  each 
of  which  gatheiB  round  it,  by  its  attraction,  a  quantity  of  caloric : 
that  the  particles  of  the  bodies  attract  each  other,  besides  attracting 
the  caloric,  and  that  the  particles  of  the  caloric  repel  each  other. 

In  gases,  the  particles  of  the  bodies  are  so  &r  removed,  that  their 
mutoal  attraction  is  insensible,  and  the  matter  tends  to  expand  by  the 
mutoal  repulsion  of  the  caloric.  He  conceives  this  caloric  to  be  con- 
itaatly  radiating  among  the  particles;  the  density  of  this  internal 
radiation  is  the  temperature^  and  he  proves  that,  on  this  supposition, 
llie  ehisticity  of  the  air  will  be  as  the  density,  and  as  this  temperature. 
Hence  follow  the  three  first  rules  above  stated.  The  same  suppositions 
lead  to  Dalton's  principle  of  mixtures  (4),  though  without  involving 
his  mode  of  conception ;  for  Laplace  says  that  whatever  the  mutual 
action  of  two  gases  be,  the  whole  pressure  will  bo  equal  to  the  sum  of 
the  separate  pressures.*  Expansion  (5),  and  the  changes  of  con- 
8istenoe(6),  are  explained  by  supposing'  that  in  solids,  the  mutual 
attraction  of  the  particles  of  the  body  is  the  greatest  force ;  in  liquids, 
the  attraction  of  the  particles  for  the  caloric ;  in  airs,  the  repulsion  of 
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Without)  theiif  deciding  upon  this  theory,  we  may  venture  to  say 
that  it  18  wanting  in  all  the  prominent  and  striking  characteristics 
which  we  hare  found  in  those  great  theories  which  we  look  upon  as 
clearly  and  indisputably  established. 

Ooneluiian, — ^We  may  observe,  moreover,  that  heat  has  other  bear- 
ings and  effects,  which,  as  soon  as  they  have  been  analysed  into  nume- 
rical laws  of  phenomena,  must  be  attended  to  in  the  formation  of  ther- 
motical  theories.  Chemistry  will  probably  supply  many  such ;  those 
which  occur  to  us,  we  must  examine  hereafter.  But  we  may  mention 
as  examples  of  such,  MM.  De  la  Rive  and  Marcet's  law,  that  the  speci- 
fic heat  of  all  gases  is  the  same;**  and  MM.Dulong  and  Petit's  law, 
that  single  atoms  of  all  simple  bodies  have  the  same  capacity  for  heat'* 
Thou^  we  have  not  yet  said  anything  of  the  relation  of  different 
gases,  0?  explained  the  meaning  of  atoms  in  the  chemical  sense,  it 
will  easily  be  conceived  that  these  are  very  general  and  important  pro- 
positions. 

Thus  the  science  of  Thermotics,  imperfect  as  it  is,  forms  a  highly- 
instructive  part  of  our  survey ;  and  is  one  of  the  cardinal  points  on 
which  the  doors  of  those  chambers  of  physical  knowledge  must  turn 
which  hitherto  have  remained  closed.  For,  on  the  one  hand,  this 
science  is  related  by  strong  analogies  and  dependencies  to  the  most 
complete  portions  of  our  knowledge,  our  mechanical  doctrines  and 
optical  theories ;  and  on  the  other,  it  is  connected  with  properties  and 
laws  of  a  nature  altogether  different, — those  of  chemistry ;  properties 
and  laws  depending  upon  a  new  system  of  notions  and  relations,  among 
which  clear  and  substantial  general  principles  are  &r  more  difficult  to 
lay  hold  o^  and  with  which  the  future  progress  of  human  knowledge 
q[>pear8  to  be  &r  more  concerned.  To  these  notions  and  relations  we 
must  now  proceed ;  but  we  shall  find  an  intermediate  stage,  in  certain 
subjects  which  I  shall  call  the  Meehanico^hemical  Sciences;  viz., 
those  which  have  to  do  with  Magnetism,  Electricity,  and  Galvanism. 


"  Ann.  Chim.  xxxv.  (1827.)  "  lb.  x.  897. 


Pabya  metu  primo  :  mox  sese  extollit  in  auns, 
Ingrediturque  solo,  et  caput  inter  nubila  oondit. 

JBn,  iv.  176. 

A  timid  breatli  at  first,  a  transient  touch, 
How  soon  it  swells  from  little  into  much ! 
Runs  o'er  the  ground,  and  springs  into  the  air, 
And  fills  the  tempest's  gloom,  the  lightning's  glare; 
While  denser  darkness  than  the  central  storm 
Conceals  the  secrets  of  its  inward  form. 


INTRODUCTION. 
Of  t/ie  Meehamco-Chemkal  ScUnces^ 

tie  title  of  Meo^iatiico-Cliemical  Scienccst  I  include  the 
if  Ma^otiBiD,  Electricity,  Gaivauism,  and  the  other  classes 
leiM  closely  related  to  these,  as  Tbermo*elcctricjty,  This 
pigects  fonuB  a  cunous  and  intereatiDg  portion  of  our  phy- 
le^^ ;  and  not  the  least  of  the  circumstances  whtt^h  give 
interest,  is  that  douhle  bearing  upon  niech^nical  and  che- 
ciptesj  which  their  name  is  intended  to  imply.  Indeed,  at 
ih^y  appear  to  be  ptjrely  Mechanical  Sciences;  the  attrac- 
i«pnIsiot]fl,  the  pTessnre  and  motion,  which  occur  in  these 
eferrible  to  mechanical  conceptions  and  laws,  aa  completely 
^t  or  fall  of  terrestrial  bodies,  or  the  motion  of  the  moon 
i.  And  if  the  phenomena  of  magnetism  and  electricity  ha^i 
I  only  to  such  laws,  the  corresponding  sciences  must  have 
ted  as  branches  of  mechanics.  Bat  we  find  that,  on  the 
the^  phenomena  have  laws  and  bearings  of  a  kind  alto- 
erent.      Magnetism    m   n.'^socinted  with    Electricity  by  its 

analogies ;  and,  more  recently,  has  been  discovered  to  be 
closely  connected  with  it  by  physical  influence ;  electric  is 
rith  galvanic  agency ;  but  in  galvanism,  decomposition,  or 
1  of  that  kind,  universally  appears ;  and  these  appearances 
y  general  laws.  Now  composition  and  decomposition  are 
B  of  Chemistry ;  and  thus  we  find  that  we  are  insensibly 
ably  led  into  the  domain  of  that  science.  The  highest 
ions  to  which  we  can  look,  in  advancing  from  the  elemen- 
>f  electricity  and  galvanism,  must  involve  chemical  notions ; 
lerefore,  in  laying  out  the  platform  of  these  sciences,  make 
For  that  convergence  of  mechanical  and  chemical  theory, 
r  are  to  exhibit  as  we  ascend. 

X  begin,  however,  with  stating  the  mechanical  phenomena 
iences,  and  the  reduction  of  such  phenomena  to  laws.  In 
of  view,  the  phenomena  of  which  we  have  to  speak  are 
rhich  bodies  exhibit  attractions  and  repulsions,  peculiarly 
i  by  their  nature  and  circumstances ;  as  the  nms^  d  a 
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piece  of  amber  wlien  rubbed.  Such  results  are  altogether  diffieimit 
from  the  universal  attraction  which,  according  to  Newton's  discovv^ 
prevails  among  all  particles  of  matter,  and  to  which  cosmical  pliewK 
mena  are  owing.  But  yet  the  difference  of  these  special  attnMstioa^ 
and  of  cosmical  attraction,  was  at  first  so  &r  fix)m  being  recogmn^ 
that  the  only  way  in  which  men  could  bo  led  to  conceive  or  assent  ti 
an  action  of  one  body  upon  another  at  a  distance,  in  cosmical  cap 
was  by  likening  it  to  magnetic  attraction,  as  we  have  seen  in  dM 
history  of  Physical  Astronomy.  And  we  shall,  in  the  first  part  of  am 
account,  not  dwell  much  upon  the  peculiar  conditions  under  whkl 
bodies  are  magnetic  or  electric,  since  these  conditions  are  not  readi^ 
reducible  to  mechanical  laws;  but,  taking  the  magnetic  or  elecfedi 
character  for  granted,  wo  shall  trace  its  effects. 

The  habit  of  considering  magnetic  action  as  the  type  or  genen 
case  of  attractive  and  repulsive  agency,  explains  the  early  writen 
having  spoken  of  Electricity  as  a  kind  of  Magnetism.  Thus  Gilbert 
in  his  book  De  Magmte  (1600),  has  a  chapter,^  Dt  coitione  MaffniHca 
primumque  de  Suceini  attractione^  sive  veritis  corporum  ad  Suceinum 
api^ieatione.  The  manner  in  which  he  speaks,  shows  us  how  mystft 
rious  the  fisust  of  attraction  then  appeared ;  so  that,  as  he  says^  *^  thf 
magnet  and  amber  were  called  in  aid  by  philosophers  as  illostratioii 
when  our  sense  is  in  the  dark  in  abstruse  inquiries,  and  when  our  ii» 
son  can  go  no  fiirthcr.  Gilbert  speaks  of  these  phenomena  like  i 
genuine  inductive  philosopher,  reproving'  those  who  before  him  had 
^  stuffed  the  booksellers'  shops  by  copying  from  one  another  extrafs. 
gant  stories  concerning  the  attraction  of  magnets  and  amber,  withoal 
giving  any  reason  from  experiment."  He  himself  makes  some  in 
portant  steps  in  the  subject  He  distinguishes  magnetic  from  ekclm 
forces,*  and  is  the  inventor  of  the  latter  name,  derived  from  ^Xsmt^ 
electron^  amber.  Ho  obscr\'cs  rightly,  that  the  electric  force  attraeta 
all  light  bodies,  while  the  magnetic  force  attracts  iron  only ;  and  hi 
devises  a  satisfactory  apparatus  by  which  this  is  shown.  Ho  gives*  s 
considerable  list  of  bodies  which  possess  the  electric  property;  ^Nol 
only  amber  and  agate  attract  small  bodies,  as  some  thii^  but  diamond, 
sapphire,  carbuncle,  opal,  amethyst,  Bristol  gem,  beiyl,  crystal,  g^ai^ 
glass  of  antimony,  spar  of  various  kinds,  sulphur,  mastic,  sealing-wax,** 
and  other  substances  which  he  mentions.  Even  his  speculations  <» 
the  general  laws  of  these  phenomena,  though  vague  and  erroneous^  ai 


'  Lib.  ii  cap  2.  '  i>#  MagntU,  p.  4S.  '  lb.  p  62.    «  IK  p.  4a 
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^tht  poiod  was  unavoidable,  do  him  no  discredit  when  compared 

rih  tke  doctrines  of  his  sncceasors  a  century  and  a  half  afterwards. 

linch  ipecoUitions  belong  to  a  succeeding  part  of  this  history. 

h  traiting  of  these  Sciences,  I  will  speak  of  Electricity  in  the  first 

|hH;  aldioagh  it  is  thos  separated  by  the  interposition  of  Magnetism 

1b  Ae  sBOoeediog  snljects  (Galvanism,  d?c)  with  which  its  alliance 

MH^at  first  sight,  the  closest^  and  although  some  general  notions  of 

AskvB  of  magnets  were  obtamed  at  an  earlier  period  than  a  know- 

^p  of  the  ooTreq)onding  relations  of  electric  phenomena :  for  the 

Any  of  electric  attraction  and  repulsion  is  somewhat  more  simple 

Asa  of  magnetic ;  was,  in  &ct,  the  first  obtained ;  and  was  of  use  in 

and  confirming  the  generalization  of  magnetic  laws. 


1 


CHAPTER  I. 

DmcovsBT  OF  Laws  of  Elsctrio  Phenomena. 

llfJB  hinre  already  seen  what  was  the  state  of  this  branch  of  know- 
*v  ledge  at  the  beginning  of  the  seventeenth  century;  and  the  advan- 
ees  mftde  by  Gilbert.  We  must  now  notice  the  additions  which  it 
sobseqaently  received,  and  especially  those  which  led  to  the  discovery 
of  general  laws,  and  the  establishment  of  the  theory ;  events  of  this 
kind  being  those  of  which  wo  have  more  peculiarly  to  trace  the  con- 
dkioBs  and  causes.  Among  the  facts  which  we  have  thus  especially  to 
attend  to,  are  the  electric  attractions  of  small  bodies  by  amber  and 
other  substances  when  rubbed.  Boyle,  who  repeated  and  extended  the 
expernnents  of  Gilbert,  does  not  appear  to  have  arrived  at  any  new 
i^eneral  notions ;  but  Otto  Guericke  of  Magdeburg,  about  the  same 
time,  made  a  very  material  step,  by  discovering  that  there  was  an 
dectric  force  of  repulsion  as  well  as  of  attraction.  He  found  that 
when  a  globe  of  sulphur  had  attracted  a  feather,  it  afterwards  repelled 
it,  till  the  feather  had  been  in  contact  with  some  other  body.  This, 
when  verified  under  a  due  generality  of  circumstances,  forms  a  capital 
iui  in  our  present  subject  Hawkesbee,  who  wrote  in  1709  {Physico- 
Mtchanical  Experiments,)  also  observed  various  of  the  effects  of  at- 
traction and  repulsion  upon  threads  hanging  loosely.  But  the  person 
who  appears  to  have  first  fully  seized  the  general  law  of  these  &ct8^  is 
Vol  IL— 13. 
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Dq&lJj  whose  experiments  appear  in  the  Memoin  of  IheFrench  Acafl 
in  1733,  1734,  and  1737.'  ''I  discovered,"  he  aaya,  ''a  very  ■ 
principle,  which  accounts  for  a  great  part  of  the  irregulaiiiieai  ai 
I  may  use  the  term,  the  caprices  that  seem  to  accompany  moat  o 
experiments  in  electricity.  This  principle  is,  that  electric  bodiea  a 
all  those  that  are  not  so,  and  repel  them  as  soon  as  they  axe  bi 
electric  by  the  vicinity  or  contact  of  the  electric  body.  .  •  ., 
Implying  this  principle  to  varions  experiments  of  electricity,  an 
will  be  surprised  at  the  number  of  obscure  and  pussling  &cts  wh 
dears  up."  By  the  help  of  this  principle,  he  endeavors  to  eo 
several  of  Hawkesboe's  experiments. 

A  little  anterior  to  Du&y's  experiments  were  those  of  Grey,  v 
1729,  discovered  the  properties  of  conductors.  He  found  thi 
attraction  and  repulsion  which  appear  in  electric  bodies  are  ezh 
also  by  other  bodies  in  contact  with  the  electric  In  this  mann 
found  that  an  ivory  ball,  connected  with  a  glass  tube  by  a  stick,  a 
or  a  packthread,  attracted  and  repelled  a  feather,  as  the  glass 
would  have  done.  He  was  then  led  to  try  to  extend  this  communk 
to  considerable  distances,  first  by  ascending  to  an  upper  window 
hanging  down  his  ball,  and,  afterwards,  by  carrying  the  string  ho 
tally  supported  on  loops.  As  his  success  was  complete  in  the  ii 
case,  he  was  perplexed  by  Mure  in  the  hitter ;  but  when  he  sup| 
the  string  by  loops  of  silk  instead  of  hempen  cords,  he  found  H 
become  a  conductor  of  electricity.  This  he  ascribed  at  first  t 
smaller  thickness  of  the  silk,  which  did  not  carry  off  so  much  c 
electric  virtue;  but  from  this  explanation  he  was  again  drive: 
finding  that  wires  of  brass  still  thinner  than  the  sUk  destroya 
effect  Thus  Grey  perceived  that  the  efficacy  of  the  suj^rt  dq^ 
on  its  being  silk,  and  he  soon  found  other  substances  which  ansi 
the  same  purpose.  The  difference,  in  fact,  depended  on  the  suppc 
substance  being  electric,  and  therefore  not  itself  a  conductor ; 
soon  appeared  firom  such  experiments,  and  e8peciall3r'  from  those; 
by  Du&y,  that  substances  might  bo  divided  into  eUctriaper  m 
nonrelectricif  or  conductors.  These  tenns  were  introduced  by  De 
Hers,*  and  gave  a  permanent  currency  to  the  results  of  the  labo 
Grey  and  others. 

Another  very  important  discovery  belonging  to  this  period  li^ 


'  Prieetley'B  HiMtary  of  MedricUy,  p.  45,  and  the  Memoirs  qaoted. 
^  Mm.  AeaeL  Par.  1734*  *  Priertley,  p^  66. 
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of  the  two  idnds  of  electricity.  This  also  was  made  by  Dofiiy. 
'^Cfaance,"  says  he,  '^has  thrown  in  my  way  another  principle  more 
nmTenal  and  remarkable  than  the  preceding  one,  and  which  casts  a 
new  light  npon  the  subject  of  electricity.  The  principle  is,  that  there 
ire  two  distinct  kinds  of  electricity,  very  different  from  one  another ; 
one  of  which  I  call  vitreouSy  the  other  resiiwui,  electricity.  The  first 
is  that  of  glass,  gems,  hair,  wool,  Ac ;  the  second  is  that  of  amber, 
gom-lac,  silk,  dbc  The  characteristic  of  these  two  electricities  is,  that 
they  repel  themselves  and  attract  each  other."  This  discovery  docs 
Boti  however,  appear  to  have  drawn  so  mnch  attention  as  it  deserved. 
It  was  published  in  1735 ;  (in  the  Memoirs  of  the  Academy /or  1783 ;) 
and  yet  in  1747,  Franklin  and  his  friends  at  Philadelphia,  who  had 
been  aopplied  with  electrical  apparatus  and  information  by  persons  in 
England  well  acquainted  with  the  then  present  state  of  the  subject, 
imagined  that  they  were  making  observations  unknown  to  European 
science,  when  they  were  led  to  assert  two  conditions  of  bodies,  which 
were  in  &ct  the  opposite  electricities  of  Dafay,  though  the  American 
experimenters  referred  them  to  a  single  clement,  of  which  electrized 
bodies  might  have  either  excess  or  defect  "  Hence,''  Franklin  says, 
**  have  arisen  some  new  terms  among  us :  we  say  B,''  who  receives  a 
spark  from  glass,  ^  and  bodies  in  like  circumstances,  is  electrized  pasi- 
Hvely ;  A,"  who  communicates  his  electricity  to  glass,  ^  negatively ; 
or  rather  B  is  electrized  plus^  A  minusr  Dr.  (afterwards  Sir  Wil- 
fiam)  Watson  had,  about  the  same  time,  arrived  at  the  same  conclu- 
siona,  which  he  expresses  by  saying  that  the  electricity  of  A  was  more 
roftj  and  that  of  B  more  dense,  than  it  naturally  would  have  bcen.^ 
But  that  which  gave  the  main  importance  to  this  doctrine  was  its  appli- 
ealion  to  some  remarkable  experiments,  of  which  we  must  now  speak. 
Beetrio  action  is  accompanied,  in  many  cases,  by  light  and  a  crack- 
fing  soimd.  Otto  Quericke*  observes  that  his  sulphur-globe,  when  rub- 
bed in  a  dark  place,  gave  &int  flashes,  such  as  take  place  when  sugar 
ia  emshed.  And  shortly  alter,  a  light  was  observed  at  the  surface  of 
the  mercury  in  the  barometer,  when  shaken,  which  was  explained  at 
ftrst  by  Bernoulli,  on  the  then  prevalent  Cartesian  principles ;  but, 
afterwards,  more  truly  by  Hawkesbee,  as  an  electrical  phenomenon. 
Wall,  in  1708,  found  sparks  produced  by  rubbing  amber,  and  Hawkes- 
bee observed  the  light  and  the  snapping^  as  he  calls  it,  under  various 
modifications.     But  the  electric  spark  from  a  living  body,  which,  as 


PriMtley,  p.  110.        *  Experimmta  Magd^rgiea,  1678,  lib^  iv.  Mp.  15. 
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Priestley  says,*  ^  makes  a  principal  part  of  the  diveiBion  of  gentlemen  = 
and  ladies  who  come  to  see  experiments  in  electricity,"  was  first  obeervet  s 
by  Bo&y  and  the  Abb6  Nollet    Nollet  says^  he  '^  shall  never  fctgcftB 
the  surprise  which  the  first  electric  spark  ever  drawn  firom  the  hnmM  i 
body  excited,  both  in  M.  Dufay  and  in  himself."  The  drawing  of  a  wptA  i 
from  the  human  body  was  practised  in  varions  forms,  one  of  wlnah  - 
was  &miliarly  known  as  the  "  electrical  kiss."    Other  ezhibitioiMi  of' 
electrical  light  were  the  electrical  star,  electrical  rain,  and  the  lika.  ".  z 
As  electricians  determined  more  exactly  the  conditions  of  dectiieri 
action,  they  succeeded  in  rendering  more  intense  those  sudden  actioai 
which  the  spark  accompanies,  and  thus  produced  the  electric  ^^sdk  ] 
This  was  especially  done  in  the  Leyden  phial.    This  apparatuB  f^ 
ceived  its  name,  while  the  discovery  of  its  property  was  attriboted  to  i 
Gunnus,  a  native  of  Leyden,  who,  in  1Y46,  handling  a  vessel  contw-  i 
ing  water  in  communication  with  the  electrical  machine,  and  hiqppei^  x 
ing  thus  to  bring  the  inside  and  the  outside  into  connexion,  received*  i 
sudden  shock  in  his  arms  and  breast    It  appears,  however,'  that  a  ] 
shock  had  been  received  under  nearly  the  same  circumstances  ii  i 
1745,  by  Yon  Kleist,  a  German  prelate,  at  Camin,  in  Pomenmia.  < 
The  strangeness  of  this  occurrence,  and  the  suddenness  of  the  Uoir, 
much  exaggerated  the  estimate  which  men  formed  of  its  force.    Mw- 
chenbroek,  after  taking  one  shock,  declared  he  would  not  take  a 
second  for  the  kingdom  of  France ;  though  Boze,  with  a  more  mag* 
nanimous  spirit,  wished*  that  ho  might  die  by  such  a  stroke,  and 
have  the  circumstances  of  the  experiment  recorded  in  the  Memoirs  of 
the  Academy.    But  we  may  easily  imagine  what  a  new  fame  and 
interest  this  discovery  gave  to  the  subject  of  electricity.    It  was  ie» 
peated  in  all  parts  of  the  world,  with  various  modifications :  and  tlw 
shock  was  passed  through  a  line  of  several  persons  holding  hands ; 
Nollet,  in  the  presence  of  the  king  of  France,  sent  it  through  a  ciide 
of  180  men  of  the  guards,  and  along  a  line  of  men  and  wires  of  900 
toises  ;'*  and  experiments  of  the  same  kind  were  made  in  England, 
principally  under  the  direction  of  Watson,  on  a  scale  so  large  as  to 
excite  the  admiration  of  Muschenbrock ;  who  says,  in  a  letter  to  Wafr* 
son,  ^*  Magnificentissimis  tuis  experimentis  superasti  conatus  omninm." 
The  result  was,  that  the  transmission  of  electricity  through  a  length 
of  12,000  feet  was,  to  sense,  instantaneous. 


•  P.  p  47.        "  Priestley,  p.  47.    Nollet,  Le^ofM  de  Phytique,  vol  vi  p.  408. 
■  Fiioher,  v.  49a  *  Fischer,  p  84.  *  Ibid.  v.  618. 
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The  esBential  circomstanceB  of  the  electric  shock  were  gradually 
mimTeUed.  Watoon  found  that  it  did  not  increase  in  proportion 
either  to  the  contents  of  the  phial  or  the  size  of  the  globe  bj  which 
the  electricity  was  excited;  that  the  outside  coating  of  the  glass 
(which,  m  the  first  form  of  the  experiment,  was  only  a  film  of  water), 
and  its  contents,  might  be  varied  in  different  ways.  To  Franklin  is 
due  the  merit  of  clearly  pointing  out  most  of  the  circumstances  on 
which  the  efficacy  of  the  Leyden  phial  depends.  He  showed,  in 
1747,"  that  the  inside  of  the  bottle  is  electrized  positively,  the  outside 
Mgatively ;  and  that  the  shock  is  produced  by  the  restoration  of  the 
eqnniibrium,  when  the  outside  and  inside  arc  brought  into  communi- 
calaon  suddenly.  But  in  order  to  complete  this  discovery,  it  remained 
to  be  shown  that  the  electric  matter  was  collected  entirely  at  the  sur- 
6oe  of  the  glass,  and  that  the  opposite  electricities  on  the  two  oppo* 
site  ndes  of  the  glass  were  accumulated  by  their  mutual  atUuction, 
Monnier  the  younger  discovered  that  the  electricity  which  bodies  can 
reeeive,  dq>ends  upon  their  surface  rather  than  their  mass,  and  Frank- 
lin **  soon  found  that  ^  the  whole  force  of  the  bottle,  and  power  of 
giving  a  shock,  is  in  the  glass  itself.''  This  they  proved  by  decanting 
the  water  out  of  an  electrized  into  another  bottle,  when  it  appeared 
that  the  second  bottle  did  not  become  electric,  but  the  first  remained 
sa  Thus  it  was  found  ^  that  the  non-electrics,  in  contact  with  the 
giasB,  served  only  to  unite  the  force  of  the  several  parts." 

So  fiff  as  the  effect  of  the  coating  of  the  Leyden  phial  is  concerned, 
this  was  satisfoctory  and  complete :  but  Franklin  was  not  equally  suc- 
aessfhl  in  tracing  the  action  of  the  electric  matter  upon  itself  in 
▼iitiie  of  which  it  is  accumulated  in  the  phial ;  indeed,  he  appears  to 
ha;ve  ascribed  the  effect  to  some  property  of  the  glass.  The  mode  of 
describing  this  action  varied,  accordingly  as  two  electric  fluids  were 
anpposed  (with  Du&y,)  or  one,  which  was  the  view  taken  by  Franklin. 
On  this  latter  supposition  the  parts  of  the  electric  fluid  repel  each 
other,  and  the  excess  in  one  sui^ice  of  the  glass  expels  the  fluid  from 
Ike  other  surface.  This  kind  of  action,  however,  came  into  much 
blearer  view  in  the  experiments  of  Canton,  Wilcke,  and  iE^inus.  It 
wm-  principally  manifested  in  the  attractions  and  repulsions  which 
otgects  exert  when  they  are  in  the  neighborhood  of  electrized  bodies ; 
or  in  the  electrical  atmosphere^  using  the  phraseology  of  the  time.  At 
present  we  say  that  bodieis  are  electrized  by  inductionj  when  they  are 

"  X€ttfr«,  pi  18.  '^  XtfOtfra,  iv.  Seet  IS. 
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thna  mado  electric  by  the  electric  attraction  and  repulsioii  of  i 
bodies.  Canton's  experiments  were  oommiudcated  to  the  Bojjw 
Society  in  1^53,  and  show  that  the  electricity  on  each  body  Mil  ^ 
npon  the  electricity  of  another  body,  at  a  distance,  with  a  rqwUi^  = 
energy.  Wilcke,  in  like  manner,  showed  that  parts  of  non-eleetakpi  z 
plunged  in  electric  atmospheres,  aoqoire  an  electricity  opposite  ta  tkii[  ■ 
of  such  atmospheres.  And  .^fipinos  derised  a  method  of  OTaminiBg  i 
the  nature  of  the  electricity  at  any  part  of  the  sui&ce  of  a  body,  bf  i 
means  of  which  he  ascertained  its  distribution,  and  found  iktafc  lb  , 
agreed  with  such  a  law  of  self-repulsion.  His  attempt  to  give  nialha* 
matical  precision  to  this  induction  was  one  of  the  most  impoKtMb  i 
steps  towards  electrical  theory,  and  must  be  spoken  of  shortly,  in  that  j 
point  of  yicw.  But  in  the  mean  time  we  may  observe,  thai  this  , 
doctrine  was  applied  to  the  explanation  of  the  Leyden  jar ;  and  tha  -^ 
explanation  was  confirmed  by  charging  a  plate  of  air,  and  obtaining  a  , 
shock  from  it,  in  a  manner  which  the  theory  pointed  out 

Before  wo  proceed  to  the  history  of  the  theory,  wo  must  mentioa  ■ 
some  other  of  the  laws  of  phenomena  which  wore  noticed,  and  whikii  ^ 
theory  was  expected  to  explain.  Among  the  most  celebrated  of 
these,  were  the  effect  of  sharp  points  in  conductors,  and  the  phe- 
nomena of  electricity  in  the  atmosphere.  The  former  of  theaa 
circumstances  was  one  of  the  first  which  Franklin  observed  as  remaifc- 
ablc.  It  was  found  that  the  points  of  needles  and  the  like  throw  off 
and  draw  off  the  electric  virtue ;  thus  a  bodkin,  directed  towards  an 
electrized  ball,  at  six  or  eight  inches'  distance,  destroyed  its  electrio 
action.  The  latter  subject,  involving  the  consideration  of  thunder  and 
lightning,  and  of  many  other  meteorological  phenomena,  excited  great 
interest  The  comparison  of  the  electric  spark  to  lightning  had  veiy 
early  been  made;  but  it  was  only  when  the  discharge  had  beeft 
rendered  more  powerful  in  the  Leyden  jar,  that  the  comparison  of  the 
effects  became  very  plausible.  Franklin,  about  1750,  had  off<Hed  a 
few  somewhat  vague  conjectures^*  respecting  the  existence  of  elec- 
tricity in  the  clouds ;  but  it  was  not  till  Wilcke  and  .£pinu8  had  ob- 
tained clear  notions  of  the  effect  of  electric  matter  at  a  distance,  that 
the  real  condition  of  the  clouds  could  be  well  understood.  In  1758, 
however,"  l^Alibard,  and  other  French  philosophers,  were  desirous  of 
verifying  Franklin's  conjecture  of  the  analogy  of  Uiunder  and  elec- 
tricity.   This  they  did  by  erectang  a  pointed  iron  rod,  forty  feet  hi^ 


Lettvv.  *«  FrankUn, p.  107. 
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tf  Maiii :  the  rod  was  found  capable  of  giving  oat  electrical  sparin 
ihi  a  tliiiiider«loud  passed  over  the  place.  This  was  repeated  in 
■ms  parts  of  Europe,  and  Franklin  suggested  that  a  communication 
■A  tk#  dooda  might  be  formed  by  means  of  a  kite.  By  these,  and 
mkr  BMaiiBy  the  electricity  of  the  atmosphere  was  studied  by 
I  in  Rigland,  Maieas  in  France,  Beccaria  in  Italy,  and  othen 
These  essays  soon  led  to  a  &tal  accident,  the  death  of 
at  Petersburg,  while  he  was,  on  Aug.  6th,  1153,  ob6cr>'ing 
IbdstUitity  collected  from  an  approaching  thunder-cloud,  by  means 
if  and  which  he  called  an  electrical  gnomon  :  a  globe  of  blue  fire 
i  to  leap  from  the  rod  to  the  head  of  the  unfortunate  professor, 
«k>  was  thus  struck  dead. 

[2nd  Ed.]  [As  an  important  application  of  the  doctrines  of  eleo 
thdty,  I  may  mention  the  contrivances  employed  to  protect  ships  from 
the  cffeda  of  lightning.  The  use  of  conductors  in  such  cases  is  at- 
tended with  peculiar  difficulties.  In  1780  the  French  began  to  turn 
their  attentioii  to  this  subject,  and  Le  Koi  was  sent  to  Brest  and  the 
TariooB  sea-ports  of  France  for  that  purpose.  Chains  temporarily 
applied  in  the  rigging  had  been  previously  suggested,  but  he  endea- 
▼oicd  to  place,  he  says,  such  conductors  in  ships  as  might  be  fixed  and 
dnaUflt  He  devised  certain  long  linked  rods,  which  led  from  a  point 
IB  the  mast-head  along  a  part  of  the  rigging,  or  in  divided  stages  along 
the  ma«ts,  and  were  fixed  to  plates  of  metal  in  tlic  ship^s  sides  com- 
municating with  the  sea.  But  these  were  cither  unable  to  stand  the 
wooing  of  the  rigging,  or  otherwise  inconvenient,  and  were  finally 
abandoned.** 

The  conductor  commonly  used  in  the  English  Navy,  till  recently, 
•xiDflisted  of  a  flexible  copper  chain,  tied,  when  occasion  required,  to 
the  mastrhead,  and  reaching  down  into  the  sea ;  a  contrivance  recom- 
mende<i  by  Dr.  Watson  in  1 7G2.  But  notwithstanding  this  precaution, 
the  shipping  suffered  greatly  from  the  effects  of  lightning. 

Mr.  Snow  Harris  (now  Sir  William  Snow  Harris),  whose  electrical 
Ubon  are  noticed  above,  proposed  to  the  Admiralty,  in  1820,  a  plan 
which  combined  the  conditions  of  ship-conductors,  so  desirable,  yet  so 
difficult  to  secure  : — namely,  that  they  sliould  bo  pennanently  fixed, 
lod  sufficiently  large,  and  yet  should  in  no  way  interterc  with  the 
motion  of  the  rigging,  or  with  the  sliding  masts.  The  method  which 
Le  proposed  was  to  make  the  masts  themselves  conductors  of  electricity, 


^  See  Le  Boi*s  Memoir  in  the  Hitt,  Acad.  Be,  for  1190. 
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by  incorporating  with  them,  in  a  peculiar  way,  two  lamiii»  of  aha 
copper,  uniting  these  with  the  metallic  maaaes  in  the  hull  by  oM 
laminffi,  and  giving  the  whole  a  free  conmmnication  with  the  f 
This  method  was  tried  experimentally,  both  on  modeb  and  to  a  ki 
extent  in  the  navy  itself;  and  a  Conmiission  appointed  to  examine''! 
result  reported  themselves  highly  satisfied  with  Ifr.  Harria'a  plan,:^ 
strongly  recommended  that  it  should  be  fiiUy  carried  out  in  the  Navy 

It  is  not  hero  necessary  to  trace  the  study  of  atmospheric  dectai 
any  further :  and  we  must  now  endeavor  to  see  how  these  phenom 
and  laws  of  phenomena  which  we  have  related,  were  worked  np  i 
consistent  theories;  for  though  many  experimental  observatioiie  I 
measures  were  made  after  this  time,  they  were  guided  by  the  theo 
and  may  be  considered  as  having  rather  dischaiged  the  ofiSce  of  • 
firming  than  of  suggesting  it 

We  may  observe  also  that  we  have  now  described  the  period 
most  extensive  activity  and  interest  in  electrical  researches.  Th 
naturally  occurred  while  the  general  notions  and  laws  of  the  phei 
mena  were  becoming,  and  were  not  yet  become,  fixed  and  dear, 
such  a  period,  a  large  and  popular  circle  of  spectators  and  amatei 
feel  themselves  nearly  upon  a  level,  in  the  value  of  their  trials  a 
speculations,  with  more  profound  thinkers:  at  a  later  period,  when  1 
subject  is  become  a  science,  that  is,  a  study  in  which  all  must  be  1 
far  behind  who  do  not  come  to  it  with  disciplined,  informed,  and  lo 
cal  minds,  the  cultivators  are  far  more  few,  and  the  shout  of  applai 
less  tumultuous  and  less  loud.  We  may  add,  too,  that  the  cxperiotiei 
which  are  the  most  striking  to  the  senses,  lose  much  of  their  impp 
siveness  with  their  novelty.  Electricity,  to  be  now  studied  n^ 
must  be  reasoned  upon  mathematically ;  how  slowly  such  a  mode 
study  makes  its  way,  we  shall  see  in  the  progress  of  the  theory,  wU 
we  must  now  proceed  to  narrate. 

[2nd  Ed.]  [A  new  mode  of  producing  electricity  has  excited  mo 
notice  lately.  In  October,  1840,  one  of  the  workmen  in  attendai 
upon  a  boiler  belonging  to  the  Newcastle  and  Durham  Bailwi 
reported  that  the  boiler  was  full  of  fire ;  the  fact  being,  that  when 
placed  his  hand  near  it  an  electrical  spark  was  given  out  This  dn 
the  attention  of  Mr.  Armstrong  and  Mr.  Pattinson,  who  made  the  e 
cumstanco  publicly  known.'^    Mr.  Armstrong  pursued  the  inveatigati 


*  See  Mr.  Snow  HarriB's  paper  in  PhU,  Mag,  March,  1841. 
»  Phil,  Mag.  Get  184a 


(iro^Ieetric  MachiDe,"  of  greater  power  than  any  electrical  machine 
oolj  made.  Dr.  Faradaj  took  np  the  investigation  as  the  subject 
I  fi|^iteeiith  Series  of  his  BesearcheSj  sent  to  the  Royal  Society, 
M,  1842 ;  and  in  this  he  illnstrated,  with  his  usual  command  of 
M  and  Inminous  experiments,  a  like  view ; — ^that  the  electricity  is 
»d  1^  the  friction  of  the  particles  of  the  water  carried  along  by 
pean.  And  thus  this  is  a  new  manifestation  of  that  electricity, 
,  to  distinguish  it  from  voltaic  electricity,  is  sometimes  called 
am  SUetricity  or  Machine  Electricity.  Dr.  Faraday  has,  however, 
of  this  investigation,  brought  to  light  several  new  electri- 
i<^  bodies.] 


CHAPTER  11. 

The  Progrssb  of  Electrical  Theobt. 

I  cause  of  electrical  phenomena,  and  the  mode  of  its  operation, 
ae  naturally  at  first  spoken  of  in  an  indistinct  and  wavering 
».  It  was  called  the  electric  Jire,  the  electric  fluid  ;  its  eflfects 
ttriboted  to  virtues,  effluvia,  atmospheres.  When  men's  mechan- 
eas  became  somewhat  more  distinct,  the  motions  and  tendencies 
tion  were  ascribed  to  currents,  in  the  same  manner  as  the  cosmi- 
otions  had  been  in  the  Cartesian  system.    This  doctrine  of 
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of  these  to  be  a  fluid  which  repiolled  its  own  parts  and  i 
of  the  other:  this  ky  in  &ct»  the  onttine  of  the  theofj  wUek 
has  been  considered  as  the  best  established ;  but  from  varioosi 
was  not  at  once,  or  at  least  not  generally  adopted.    The  hj 
of  the  excess  and  defect  of  a  single  flnid  is  capable  of  being  so- 
as  to  give  the  same  results  with  the  hypothesis  of  two  ( 
and  happened  to  obtain  the  preference  for  some  time, 
already  seen  that  this  hypothesis,  according  to  which  electric 
mcna  arose  from  the  excess  and  defect  of  a  generally  diffn 
sQggestcd  itself  to  Watson  and  Franklin  about  1747.     Wataosa 
that  when  an  electric  body  was  excited,  the  electricity  was  not  < 
but  collected;   and  Franklin  held,  that  when  the  Leyden 
charged,  the  quantity  of  electricity  was  unaltered,  though  its  dii 
tion  was  changed.    Symmei^  maintained  the  existence  of  two  : 
and  Cigna  supplied  the  main  defect  which  belonged  to  this  teu^^^^ 
the  way  in  which  Dufay  held  it,  by  showing  that  the  two  opp^^^ 
electricities  were  usually  produced  at  the  same  time.    Still  the  af^^^ 
rent  simplicity  of  the  hypothesis  of  one  fluid  procured  it  many  rapp<^^^ 
ers.    It  was  that  which  Franklin  adopted,  in  his  explanation  of  t^^ 
Lcydcn  experiment;    and  though  after  the  first  conception  of  ^^ 
electrical  charge  as  a  disturbance  of  equilibrium,  there  was  nothing  ^^ 
the  development  or  details  of  Franklin's  views  which  deserved  to  mS^ 
for  them  any  peculiar  authority,  his  reputation,  and  his  skill  as  • 
writer,  gave  a  considerable  influence  to  his  opinions.    Indeed,  for  t 
time  he  was  considered,  over  a  large  ^art  of  Europe,  as  the  crealor^rf  ' 
the  science,  and  the  terms*  FranklinUm^  Franklinut^FfUHklimamwft  ^ 
teuiy  occur  in  almost  every  page  of  continental  puUicationa  on  the  aok  ^ 
ject    Yet  the  electrical  phenomena  to  the  knowledge  of  whiA  '^' 
Franklin  added  least,  those  of  induction,  were  those  by  which  the  pio*  ^ 
gress  of  the  theory  was  most  promoted.    These,  as  we  have  already  |^ 
said,  were  at  first  explained  by  the  hypothesis  of  electrical  atmoyheimi    ' 
Lord  Mahon  wrote  a  treatise,  in  which  this  hypothesis  was  mathenifr-  '' 
tically  treated ;  yet  the  hypothesis  was  very  untenable,  for  it  wonU   * 
not  account  for  the  most  obvious  cases  of  induction,  such  as  the  Leydea    ' 
jar,  except  the  atmosphere  was  supposed  to  penetrate  glass. 

The  phenomena  of  electricity  by  induction,  when  &irly  consideied 
by  a  person  of  clear  notions  of  the  relations  of  qpace  and  force,  were 
seen  to  accommodate  themselves  very  generally  to  the  oonceptioik 


*  Phil  TroMM.  1769.  *  Priestley,  p.  16a 


■  tte  tleetrio  flaid  m  the  ball  to  the  ibrther  aide  by  its  TepnlnoOy 
^  ittnete  the  ball  bj  attracting  the  matter  of  the  ball  more 
i  SB|Nb  the  And  whidi  jb  upon  the  ball  If  we  sappoee  two 
^  the  fMiM^  ehctriaed  body  draws  the  negative  flaid  to  the 
rrnkti  the  ball,  rq>ei]B  the  poeitiTe  flnid  to  the  opposite  side^ 
Hmfc  the  hdl  on  the  whole,  because  the  attracted  fluid  is  nearer 
hit  vUeh  is  repelled.  The  verification  of  either  of  these  hypo- 
(  wl  the  determination  of  their  details,  depended  necessarily 
g?™^  and  calculation.  It  was  under  the  hypothesis  ci  a 
lai  tbit  this  trial  was  first  properly  made,  .^inus  of  Peters- 
MkeA,  in  1759,  his  Tentamen  TheoricB  EUetridtatu  ei  Ma^ 
I;  k  vhich  he  traoea  mathematicaUy  the  consequences  of  the 
■I  of  sn  eiectrio  fluid,  attracting  all  other  matter,  but  repel- 
ilf  ;  the  law  of  force  of  this  repulsion  and  attraction  he  did 
ad  to  angn  precisely,  confining  himself  to  the  supposition 
mtAtul  fc»oe  of  the  particles  increases  as  the  distance  de- 
Bit  it  was  found,  that  in  order  to  make  this  theory  tena- 
ddMooal  supposition  was  required,  namely,  that  the  par- 
bodies  repel  each  other  as  much  as  they  attract  the  olec- 
^  For  if  two  bodies,  A  and  B,  be  in  their  natural  electri- 
ioB,  they  neither  attract  nor  repel  each  other.  Now,  in  this 
laid  in  A  attracts  the  matter  in  B  and  repels  the  fluid  in  B 
I  energy,  and  thus  no  tendency  to  motion  results  from  the 
;  and  if  we  further  suppose  that  the  matter  in  A  attracts 
t  B  and  repeU  the  nuUter  in  B  with  equal  energy,  we  have 
ig  mataal  inactivity  of  the  two  bodies  ezplamed ;  but  with- 
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has  recently^*  described  some  important  ezpeiiments  and  i 
bat  his  apparatus  was  of  such  a  kind  that  the  comparison  ot  the  i 
with  the  Coolombian  theory  was  not  easy  ;  and  indeed  the  ] 
tical  problems  which  Mr.  Harrises  combinations  ofifored,  reqaiieanoAjl^ 
Poisson  for  their  solution.  Still  the  more  obvions  results  are  rabkilc; 
agree  with  the  theory,  even  in  the  cases  in  which  their  author  ofR^ 
sidered  them  to  be  inexplicable.  For  example,  he  found  that. If. 
doubling  the  quantity  of  electricity  of  a  conductor,  it  attcacted  a  boj||, 
with  four  times  the  force ;  but  the  body  not  being  insulated,  wwli 
have  its  electricity  also  doubled  by  induction,  and  thus  the  CmA  wm 
what  the  theory  required. 

Though  it  is  thus  highly  probable  that  the  Coulombian  theoij  ^ 
electricity  (or  the  JBpinian,  which  is  mathematically  equivalent)  «j| 
stand  as  a  true  representation  of  the  law  of  the  elementaiy  actioBii  m 
must  yet  allow  that  it  has  not  received  that  complete  evidenoe^  .|f 
means  of  experiments  and  calculations  added  to  those  of  its  fmmdim 
which  the  precedents  of  other  permanent  sciences  have  led  us  to  lod 
for.  The  experiments  of  Coulomb,  which  he  used  in  the  establishmiit 
of  the  theory,  were  not  very  numerous,  and  they  were  limited  tp4 
peculiar  form  of  bodies,  namely  spheres.  In  order  to  form  the  prapil 
sequel  to  the  promulgation  of  this  theoiy,  to  give  a  full  canfirmaiim^ 
and  to  ensure  its  general  reception^  we  ought  to  have  experim«l|p 
more  numerous  and  more  varied  (such  as  those  of  Mr.  Harris  are)  shevi 
to  agree  in  all  respects  with  results  calculated  from  the  theory.  Hji 
would,  as  we  have  said,  be  a  task  of  labor  and  difficulty ;  but  the  pir 
son  who  shall  execute  it  will  deserve  to  be  considered  as  one  of  fhl 
real  founders  of  the  true  doctrine  of  electricity.  To  show  that  Ac 
coincidence  between  theory  and  observation,  which  has  already  besi 
proved  for  spherical  conductors,  obtains  also  for  bodies  of  other  fioinii 
will  be  a  step  in  electricity  analogous  to  what  was  done  in  astTononiyj 
when  it  was  shown  that  the  law  of  gravitation  applied  to  comets  m 
well  as  to  planets. 

But  although  we  consider  the  views  of  ./£pinus  or  Coulomb  in  a  ▼€■} 
high  d^ree  probable  as  &  formal  theory j  the  question  is  very  differeal 
when  we  come  to  examine  ihem  as  a  physical  theory  ; — that  is,  when 
wo  inquire  whether  there  really  is  a  material  electric  fluid  or  fluids. 

Qiieetion  of  One  or  Two  Fluids, — In  the  first  place  as  to  the  ques- 
tion whether  the  fluids  are  one  or  two ; — Coulomb's  introduction  of 
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i(  VM  to  be  ooDiUtend  whetihOT  any  otliflr  iM^  no^ 

in  die  fooiidation  of  the  theoijy  w«»  explained  by 

whiohi  as  we  lunre  leen,  gave  the  final  itanq>  o£ 

tkW.^  ikwnm  of  astronomy  and  optics.    Now  we  appear  to 

ik  aA  aairmstion,  in  the  effect  of  p(»ntB|  and  in  the  pheno- 

tflbfieebicaldisehaige.    13ie  theory  of  neither  of  these  was 

■inioodby  OaTondish,  bat  he  made  an. approach  to  the  troe 

lH^Mitm,  U  one  part  of  a  condncting  body  be  a  qfdiere  of 

Aedectriofloidiqponthe  snrlkce  of  this  8[diere  will,  it 

Elfttbilstion,  be  more  dense^  and  tend  to  escape  more  ener- 
(fapvoportion  as  the  radios  of  the  qfdiere  is  smaller;  and, 
i^ifireeoiiBiderapoint  aspartof  thesnrlkcectf  asphore  of 
<^i■VlillelsdIlll,  it  fbUowsftom  the  theory  that  the  effort  of  the 
MiliHS[iutt  that  place  will  be  enormous;  so  that  it  may  easily 
lsfl||Md  to  orenxmie  the  resisting  causes.  Andthedischaigemay 
in  nearly  the  same  manner ;  fiir  when  a  condactor  is 
snd  nearer  to  an  dectriied  body,  the  opposite  electri- 
aiid  more  accomnkted  by  attraction  on  the  side  next  to 
IMMndbody;  itstenoonbecomesgreaterby  the  increase  of  its 
JipMkf  isdihe  diminotion  (tf  the  distance,  and  at  last  it  is  too  strong 
Mteostdned,  and  leaps  out  in  the  form  of  a  spark. 
'  Be  fight)  Bound,  and  mechanical  effects  produced  by  the  electric 
Unp^  made  the  electric  fluid  to  be  not  merely  considered  as  a 
A^hmitical  hypoihesis,  nscfiil  for  reducing  phenomena  to  formalse 
^ftr  a  kng  time  the  magnetic  fluid  was),  but  caused  it  to  be  at  once 
■liiiTeRally  accepted  as  a  physical  reality,  of  which  we  learn  the 
■fctuiL  hj  the  common  use  of  the  senses,  and  of  which  measures 
flicdealadons  are  only  wanted  to  teach  us  the  laws. 
Be  applications  of  the  theory  of  electricity  which  I  have  princi- 
1%  coittidered  above,  are  those  which  belong  to  conductors,  in  which 
fedectric  fluid  is  perf^tly  moveable,  and  can  take  that  distribution 
)U  die  forces  require.  In  non-conducting  or  electric  bodies,  the 
Wlbin  to  which  the  fluid  is  subject  are  less  easy  to  determine ;  but 
%qppoiiiig  that  the  fluid  moves  with  great  difficulty  among  the  par- 
4bef  soch  bodies, — ^that  nevertheless  it  may  be  dislodged  and  accu- 
^to  in  parts  of  the  surface  of  such  bodies,  by  friction  and  other 
*^  of  excitement ;  and  that  the  earth  is  an  inezhaostiblo  reservoir 
tf  deetric  matter, — the  principal  facts  of  excitation  and  the  like  receive 
*  Uenbly  satisfactory  explanation. 


S06  msroBT  of  ELBcrrBicmr. 

The  theory  of  -^inus,  however,  still  required  to  have  the  k^ 
action  of  the  particles  of  the  fluid  determined.  If  we  were  to  caM^ 
mind  how  momentous  an  event  in  physical  astronomy  was  the  dsM^ 
miuation  of  the  law  of  the  cosmical  forces,  the  inverae  sqnaie  of  fV^ 
distance,  and  were  to  suppose  the  importance  and  difficulty  of  lll0 
analogous  step  in  this  case  to  be  of  the  same  kind,  this  would  be4b 
mistake  the  condition  of  science  at  that  time.  The  leading  idea,-4fe 
conception  of  the  possibility  of  explaining  natural  phenomena -1l^.i 
means  of  the  action  of  forces,  on  rigorously  mechanical  prindpleB|llil: 
already  been  promulgated  by  Newton,  and  was,  ftom  the  firs^  8eei^%> 
be  peculiarly  applicable  to  electrical  phenomena;  so  that  tlie  t0ff 
material  step  of  clearly  proposing  the  problem,  often  more  unportMt 
than  the  solution  of  it,  had  already  been  made.  Moreover  the  m^ 
firmation  of  the  truth  of  the  assumed  cause  in  the  astronomical  eiM 
depended  on  taking  the  right  law ;  but  the  electrical  theory  could  M 
confirmed,  in  a  general  manner  at  least,  without  this  restriction.  SlM 
it  was  an  important  discovery  that  the  law  of  the  inverse  eqnare -pit- 
vailed  in  these  as  well  as  in  cosmical  attractions. 

It  was  impossible  not  to  conjecture  beforehand  that  it  would  b4  at 
Cavendish  had  professed  in  his  calculations  not  to  take  the  exponflril 
of  the  inverse  power,  on  which  the  force  depended,  to  be  stricttyl; 
but  to  leave  it  indeterminate  between  1  and  3 ;  but  in  his  application 
of  his  results,  he  obviously  inclines  to  the  assumption  that  it  is  & 
Experimenters  tried  to  establish  this  in  various  ways.  Robison,*  in 
1 769,  had  already  proved  that  the  law  of  force  is  very  neariy  <ft 
exactly  the  inverse  square ;  and  Meyer ''^  had  discovered,  but  not  piA- 
lishcd,  the  same  result  The  clear  and  satisfactory  establishment  of 
this  truth  is  due  to  Coulomb,  and  was  one  of  the  first  steps  in  Ilk 
important  series  of  researches  on  tliis  subject  In  his  first  paper  *'  in 
the  Memoirs  of  the  Academy  for  1785,  he  proves  this  law  for  smaH 
globes ;  in  his  second  Memoir  he  shows  it  to  be  true  for  globea  oMfe 
and  two  feet  in  diameter.  His  invention  of  the  tornon-balaneey  wliicli 
measures  very  small  forces  with  great  certainty  and  exactness,  enabled 
him  to  set  this  question  at  rest  for  ever. 

The  law  of  force  being  determined  for  the  particles  of  the  dectrie 
fluid,  it  now  came  to  bo  the  business  of  the  experimenter  and  die 


*  Work9,  iv.  p.  68.  ^  Biog.  Univ.  art  Coviomb,  by  Biot 

"  MhL  A.  P.  178S,  ppi  569,  61%. 
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tike  lenttft  of  the  Hkwrj  in  deteil  wiA 
Ootdomb  undertook  botih  portioM 
wL  Hm  HTMwned  tike  electiieity  of  portions  of  bodiee  by 
'  a  Jittle.Adc  (his  tea^oU  piams)  which  he  applied  to  them 
WMidl>  and  whieh  thne  acted  m  a  sort  <^  electric  kmitr. 
iinlBaMilto(the  intemitf  being  still  measored  by  the  tonioii- 
m  die  fioidiimenitnl  fiMsto  of  the  theory  of  the  electrical  fluid, 
■terii^into  detail,  we  may  obeenre  that  he  found  the  eleo- 
-be  entiraly  collected  at  the  sni&ce  of  condnctoia  (whieh 
had  beioie  dunm  to  be  the  caie),  and  that  he  mramined  and 
Ika  abeteic  intensity  at  the  sor&ce  of  gk)be%  cyl]ndei%  and 
bodies^  jdaced  within  each  other's  JnAnenee  in 


Aematicsl  calcdstion  oi  the  distribution  ot  two  flmd%  aU 
hsof  which  attract  and  repel  each  other  aceoiding  lo  the 
i^svaa  a  problem  of  no  ordinaiy  difficulty ;  as  may  easi^'be 
whan  it  is  recollected  that  the  attraction  and  zq^nlsipndetsiw 
distribiitiott,  and  the  distribotion  redprocally  detenninea  the 
SBdrepnlsioD..  llieproblem  was  of  the  same,  natoreaa  that 
■a  of  tibie  earth ;  and  its  rigoroos  solution  was  beyond  the 
t4h€  analysii  of  G>uIomb's  tima  He  obtained,  howeren^ 
rte  sofaxtions  with  much  ingonnity ;  for  instance,  in  a  case  in 
raa  obvioos  that  the  electric  fluid  would  be  most  accumulated 
ar  the  equator  of  a  certain  spberey  he  calculated  the  action 
ere  on  two  suppositions :  first)  that  the  fluid  was  all  collected 
it  the  equator ;  and  next,  that  it  was  uniformly  diffused  over 
i ;  and  he  then  assumed  the  actual  case  to  be  intermediate 
hese  two.  By  such  artifices  he  was  able  to  show  that  the 
his  experiments  and  of  his  calculations  gave  an  agreement 
f  near  to  entitle  him  to  consider  the  theory  as  established  on 

t  this  period,  mathematics  was  behind  experiment ;  and  a 
iras  proposed,  in  which  theoretical  numerical  results  were 
r  comparison  with  observation,  but  could  not  be  accurately 
as  was  the  case  in  astronomy  also,  till  the  time  of  the 
ite  solution  of  the  Problem  of  Three  Bodies,  and  the  conse- 
nation  of  the  Tables  of  the  Moon  and  Planets  on  the  theory 
sal  gravitation.  After  some  time,  electrical  theory  was 
Tom  this  reproach,  mainly  in  consequence  of  the  progress 
ronomy  had  occasioned  in  pure  mathematics.    About  1801, 
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has  recently'^  described  some  important  ezpeiiments  and  i 
bat  his  apparatus  was  of  such  a  kind  that  the  compariaon  oi  the  i 
with  the  Coolombian  theory  was  not  easy  ;  and  indeed  the  i 
tical  problems  which  Mr.  Harris's  combinations  c^fored,  reqiuie«|oA|^ 
Poisson  for  their  solution.  Still  the  more  obvions  results  are  lOflikl^, 
agree  with  the  theory,  even  in  the  cases  in  which  their  author  tnH^, 
sidered  them  to  be  inexplicable.  For  example,  he  found  that  .||j, 
doubling  the  quantity  of  electricity  of  a  condnctor,  it  attcacted  a  bo^^ 
with  four  times  the  force ;  but  the  body  not  being  insulated,  wodL 
have  its  electricity  also  doubled  by  induction,  and  thus  the  fiMstim. 
what  the  theory  required. 

Though  it  is  thus  highly  probable  that  the  Coulombian  iheoij  ff 
electricity  (or  the  JBpinian,  which  is  mathematically  equiTalent)  v8 
stand  as  a  tme  representation  of  the  law  of  the  elemontaiy  actioBii  ip 
must  yet  allow  that  it  has  not  received  that  complete  OYideno6^.|f 
means  of  experiments  and  calculations  added  to  those  of  its  fnundim, 
which  the  precedents  of  other  permanent  sciences  have  led  ua  to  look 
for.  The  experiments  of  Coulomb,  which  ho  used  in  the  establiahmigl 
of  the  theory,  were  not  very  numerous,  and  they  were  limited  i^4 
peculiar  form  of  bodies,  namely  spheres.  In  order  to  fonn  the  fifogm 
sequel  to  the  promulgation  of  this  theory,  to  give  a  full  eonfirmaHttl^ 
and  to  ensure  its  general  reception^  we  ought  to  have  experimflvlp 
more  numerous  and  more  varied  (such  as  those  of  Mr.  Harris  are)  showa 
to  agree  in  all  respects  with  results  calculated  from  the  theory.  TU$ 
would,  as  we  have  said,  be  a  task  of  labor  and  difficulty ;  but  the  pai^ 
son  who  shall  execute  it  will  deserve  to  be  considered  as  one  of  thfl 
real  founders  of  the  true  doctrine  of  electricity.  To  show  that  Um 
coincidence  between  theory  and  observation,  which  has  already  boM 
proved  for  spherical  conductors,  obtains  also  for  bodies  of  other  fcnni^ 
will  be  a  step  in  electricity  analogous  to  what  was  done  in  aatronoinyi 
when  it  was  shown  that  the  law  of  gravitation  applied  to  cometa  ai 
well  as  to  planets. 

But  although  wo  consider  the  views  of  ./£pinu8  or  Coulomb  in  a  veiy 
high  degree  probable  as  sl  formal  theory^  the  question  is  very  diffefo^ 
when  we  come  to  examine  them  as  a  physical  theory  ; — that  is,  when 
we  inquire  whether  there  really  is  a  material  electric  fluid  or  fluids. 

Question  of  One  or  Two  Fluids. — In  the  first  place  as  to  the  quea- 
tion  whether  the  fluids  are  one  or  two ; — Coulomb's  introduction  of 


**  PMl  Trans,  1884>  p.  8. 


id  two  ftddi  liM  been  ipokon  of  as  a  idbim  of  the 
;  ft  wooid  piobaUy  lis?e  been  mora  nil  to  haTe 
in  tbe  cideiilation,  and  in  the  OOTapamon 
than  to  hare  naed  language  which  im- 
ipmrimif  between  the  riral  hypotheaea  oi  one  or  two 
be  treated  ae  settled.    For,  in  reality,  if  we  amime^  as 
Hm  mntnal  Tqrakion  of  all  the  particles  of  matteri  in 
to  tte  fepoUMi  of  the  paitides  of  the  electric  flnid  for  one 
nd  their  attraction  for  tiie  particles  of  matter,  tiie  one  fnid 
win  gife  eiactiy  the  same  resolti  as  the  two  fluids  of  Coo* 
Ue  mathematical  fominln  of  Coulomb  and  of  Poisson  ez- 
Ihi  eoaditiofns  of  the  one  case  as  well  as  of  the  otiier.;  the 
only  being  somewhat  dififoient    The  place  of  the  forces 
ftoid  IS  sopi^ied  by  the  excess  of  the  forces  ascribed  to 
■hove  tbe  foteea  of  the  flnid,  in  the  parts  where  the  eleetrie 


I  aigoment  against  this  hypothesis  is,  that  we  ascribe  to 
I  of  matter  a  rnntnal  ropolsion,  in  addition  to  the  mntoal 
1^  vurenal  gmvitation,  and  that  this  appears  inoongraons. 
,  JSfinm  aayi|  that  when  he  was  first  driven  to  this  {mk>- 
I  it-hocnfied  him.^*  But  we  may  answer  it  in  this  way  reiy 
-If  we  soppose  the  mntoal  repulsion  of  matter  to  be 
tie*  than  the  mntoal  attraction  <^  matter  and  electric  flnid, 
ft  w9  foOow,  aa  a  consequence  of  the  hypothesis,  that  besides  all 
\  electrical  action,  the  particlee  of  matter  would  attract  each 
with  .forces  varying  inversely  as  the  square  of  the  distance. 
i  gravitation  itself  becomes  an  electrical  phenomenon,  arising  from 
As  Rsidaal  excess  of  attraction  over  repulsion ;  and  the  fact  which  is 
■pd  against  the  hypothesis  becomes  a  confirmation  of  it.  By  this 
SQBBderation  the  prerogative  of  simplicity  passes  over  to  the  side  of 
As  hypothesis  of  one  fluid;  and  the  rival  view  appears  to  lose  at  least 
iIlitBsoperiority. 

Very  recently,  M.  Mosotti^'  has  calculated  the  results  of  the  ^inian 
Aeory  in  a  for  more  complete  manner  than  had  previously  been  per- 
fcnned;  nsing  Laplace^s  coefficients,  as  Poisson  had  done  for  the  Cou- 


*  Bfeqiie  diffiteor  eom  ipsa  se  mihi  offerret  ....  meadipsam  quodammodo 
ahonmiaM.     IhUamen  Thear,  Elect  p.  89. 

*  Air  U9  Foree$  ^  rigitHnt  la  C<maiii%Ui<m  IntMeure  de$  Corp9.    Turin. 
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has  recently'^  described  some  important  experiments  and  i 
bat  his  apparatus  was  of  Buoh  a  kind  that  the  comparison  (tf  the  i 
with  the  Coolombian  theory  was  not  easy  ;  and  indeed  the  i 
tical  problems  which  Mr.  Harris's  combinations  ofifored^reqaiiei 
Poisson  for  their  solution.  Still  the  more  obvioos  results  are  i 
agree  with  the  theory,  even  in  the  cases  in  which  their  author  e^^ 
sidered  them  to  be  inexplicable.  For  example,  he  found  that.j|g 
doubling  the  quantity  of  dectricity  of  a  conductor,  it  attcacted  a  1m(^ 
with  four  times  the  force ;  but  the  body  not  being  insulated,  woi^ 
have  its  electricity  also  doubled  by  induction,  and  thus  the  finliiWi, 
what  the  theory  required.  vr 

Though  it  is  thus  highly  probable  that  the  Codombian  theoijl^ 
electricity  (or  the  .^inian,  which  is  mathematically  equivBlenQ  ^ 
stand  as  a  true  representation  of  the  law  of  the  elemontaiy  actioB%  n 
must  yet  allow  that  it  has  not  received  that  complete  ovideiioe^.|| 
means  of  experiments  and  calculations  added  to  those  of  its  foundMI 
which  the  precedents  of  other  permanent  sciences  have  led  ua  to  led 
for.  The  experiments  of  Coulomb,  which  he  used  in  the  establiilnaM 
of  the  theory,  were  not  very  numerous,  and  they  were  limited  l%| 
peculiar  form  of  bodies,  namely  spheres.  In  order  to  fonn  the  fxoftn 
sequel  to  the  promulgation  of  this  theory,  to  give  a  full  rntijfi  iiiiiftn 
and  to  ensure  its  general  reception,  we  ought  to  have  experimMMl 
more  numerous  and  more  varied  (such  as  those  of  Mr.  Harris  are)  ihowi 
to  agree  in  all  respects  with  results  calculated  from  the  theory.  lUi 
would,  as  we  have  said,  be  a  task  of  labor  and  difficulty ;  but  the  pep 
son  who  shall  execute  it  will  deserve  to  be  considered  as  one  of  Al 
real  founders  of  the  true  doctrine  of  electricity.  To  show  that  tlw 
coincidence  between  theory  and  observation,  which  has  already  I 
proved  for  spherical  conductors,  obtains  also  for  bodies  of  other  i 
will  be  a  step  in  electricity  analogous  to  what  was  done  in  astrononj 
when  it  was  shown  that  the  law  of  gravitation  applied  to  cometa  m 
well  as  to  planets. 

But  although  wo  consider  the  views  of  ./£pinu8  or  Coulomb  in  am] 
high  d^ree  probable  as  sl  formal  theory,  the  question  is  very  diffefepj 
when  we  come  to  examine  them  as  h  physical  theory  ; — that  is,  whei 
we  inquire  whether  there  really  is  a  material  electric  fluid  or  fluids. 

Question  of  (hie  or  Two  Fluids, — In  the  first  place  as  to  the  quea 
tion  whether  the  fluids  are  one  or  two ; — Coulomb's  introduction  oi 

**  Phil  Trans,  1884>  p^  8. 
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id  two  flnidi  Iim  been  ipokon  of  as  a  febaa  ot  the 
;  ft  wooid  piobaUy  lisve  been  mora  nil  to  bave 
an  adfnoe  in  tbe  edeiilation,  and  in  the  ccumpanMn 
Dt|  than  to  bare  naed  language  which  im- 
tlM  ipmrimif  between  the  mal  hypotheses  of  one  or  two 
be  trsated  as  settled.  For,  in  reality,  if  we  assume^  as 
itam^  tte  matoal  rqnilsion  of  all  the  particles  of  matter,  in 
to  Aa  lepoUMi  of  the  paitkdes  of  the  eUctrio  flnid  for  one 
sad  tfaeir  attraction  for  die  particles  of  matter,  the  one  fnid 
wffl  gi?e  eiactly  the  same  resolti  as  the  two  flnidi  of  Coo* 
The  aMthematical  formoltt  of  Coulomb  and  of  Poisson  ex- 
be  «OBditians  of  the  one  case  as  well  as  of  the  other.;  the 
only  being  somewhat  diflfoient  The  place  of  the  forces 
ioid  IS  supplied  by  the  excess  of  the  forces  ascribed  to 
above  Aefoms  of  the  flnid,  in  the  parts  where  the  eleetrie 


I  aigoment  against  this  hypothesis  is,  that  we  ascribe  to 
I  of  matter  a  mntosl  ropolsion,  in  addition  to  the  mntaal 
l^.WBiTeiial  gmfitation,  and  that  this  appears  incongruous, 
r  JS^na  sayii  that  when  he  was  first  driven  to  this  pro- 
\  jfc'koRified  him."  Bat  we  may  answer  it  in  this  way  reiy 
*-If  we  soppose  the  mntnal  repulsion  of  matter  to  be 
\  than  the  mntaal  attraction  of  matter  and  electric  flnid, 
iw9  Aifanr,  aa  a  conseqaence  of  the  hypothesisi  that  besides  all 
Ariuus  electrical  action,  the  particlee  of  matter  would  attract  each 
A»  with  .forces  varying  inversely  as  the  square  of  the  diBtance. 
1km  giaritation  itself  becomes  an  electrical  phenomenon,  arising  from 
As  Rsidoal  excess  of  attraction  over  repulsion ;  and  the  fact  which  is 
■pd  against  the  hypothesis  becomes  a  confjmation  of  it  By  this 
nnariduation  the  prerogative  of  simplicity  passes  over  to  the  side  of 
As  hypothesis  of  one  fluid ;  and  the  rival  view  appears  to  lose  at  least 
ill  iti  soperiority. 

Voy  recently,  M.  Mosotti"  has  calculated  the  results  of  the  ^inian 
Asory  in  a  for  more  complete  manner  than  had  previously  been  pei^ 
fcmed;  naing  Laplace's  coefficients,  as  Poisson  had  done  for  the  Cou- 
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lombian  theory.  He  finds  that^  from  the  sappoeition  of  a  floid  f 
particles  of  matter  exercising  snch  forces  as  that  theory  aaBimiei.( 
the  very  allowable  additional  supposition  that  the  particlea  are 
compared  with  their  distances),  it  follows  that  the  particles  woidl  \ 
ert  a  force,  repulsive  at  the  smallest  distances,  a  little  further  on 
ishing,  afterwards  attractive,  and  at  all  sensible  distances  atl 
proportion  to  the  inverse  square  of  the  distance.  Thus  there  ^ 
be  a  position  of  stable  equilibrium  for  the  particles  at  a  rerj  i 
distance  from  each  other,  which  may  be,  M.  Mosotti  suggest^ 
equilibrium  on  which  their  physical  structure  depends.  Accor 
this  view,  the  resistance  of  bodies  to  compression  and  to  extension  S 
well  as  the  phenomena  of  statical  electricity  and  the  mutual  graifi|| 
tion  of  matter,  are  accounted  for  by  the  same  hypothesis  of  a  aii^ 
fluid  or  ether.  A  theory  which  offers  a  prospect  of  such  a  geneiri 
zation  is  worth  attention ;  but  a  very  clear  and  comprehensive  yw 
of  the  doctrines  of  several  sciences  is  requisite  to  prepare  us  to  erf 
mate  its  value  and  probable  success. 

Qtiestion  of  the  Material  Reality  of  the  Eleetrie  Fluid. — ^At  Ab 
sight  the  beautiful  accordance  of  the  experiments  with  calcolrti^ri 
founded  upon  the  attractions  and  repulsions  of  the  two  hypotheliq 
fluids,  persuade  us  that  the  hypotheses  must  be  the  real  state  of  tihia| 
But  we  have  already  learned  that  we  must  not  trust  to  such  evidaH 
too  readily.  It  is  a  curious  instance  of  the  mutual  influence  of  U 
histories  of  two  provinces  of  science,  but  I  think  it  will  be  allowed  1 
be  just,  to  say  that  the  discovery  of  the  polarization  of  heat  has  del 
much  to  shake  the  theory  of  the  electric  fluids  as  a  physical  realifr 
For  the  doctrine  of  a  material  caloric  appeared  to  be  proved  (frtxm  tt 
laws  of  conduction  and  radiation)  by  the  same  kind  of  mathematki 
evidence  (the  agreement  of  laws  respecting  the  elementary  actions  wit 
those  of  fluids),  which  we  have  for  the  doctrine  of  material  elcctricit| 
Yet  we  now  seem  to  see  that  heat  cannot  be  matter,  since  its  xm] 
have  sides^  in  a  manner  in  which  a  stream  of  particles  of  matter  cai 
not  have  sides  without  inadmissible  h3rpothescs.  We  see,  then,  th 
it  will  not  be  contrary  to  precedent,  if  our  electrical  theory,  repn 
senting  with  perfect  accuracy  the  laws  of  the  actions,  in  all  the; 
forms,  simple  and  complex,  should  yet  be  fallacious  as  a  view  of  th 
cause  of  the  actions. 

Any  true  view  of  electricity  must  include,  or  at  least  be  consistei 
with,  the  other  classes  of  the  phenomena,  as  well  as  this  statical  eiec 
trical  action ;  such  as  the  conditions  of  excitation  and  retention  o 
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r;  to  wliidi  iro  nu^  add,  the  oonnexiQii  of  electeieHj  with 
wHli  dMOiiitay;— ft  Tart  field,  as  yet  dimlj  aeen. 
I  with  TCgnd  to  the  nmplert  of  these  qneetioiia,  the  canae  of 
I  of  alectikitj!  at  the  mabce  of  bodieii  it  ^>pean  to  be 
\  to  majirtain  Goolomb'a  opinioiii  that  this  is  effected  by  the 
\  of  air  to  the  passage  of  dectridty.  The  other  questioiis  aie 
)  did  not  attempt  to  toach ;  thej  refer,  indeed,  princi- 
Doi  ainpected  at  his  time.  How  wide  and  profirand  a 
at  be  which  deala  worthily  with  these,  we  shall  obtain  some 
I  in  tta  aaeoeeding  part  of  oar  history. 
;  it  SMy  be  aaid  on  the  other  side,  that  we  have  the  evidence  of 
saaa  tor  the  reality  of  an  electric  flnid ; — we  see  it  in  the  spark; 
V  ift  in  the  explosion ;  we  feel  it  in  the  shock ;  and  it  produces 
of  meehanical  Tiolence,  {nercing  and  tearing  the  bodies 
which  it  passes.  And  those  who  are  disposed  to  assert  a 
mri  Ml  OB  anch  gronnds^  may  appear  to  be  justified  in  doing  so,  by 
one  of  NewUm'a  **  Bdes  of  Philosophizing,'*  in  which  he  directs  the 
^jfUsBOfher  to  aaaome,  in  his  theories,  **  causes  which  are  true.**  Hie 
wsadfatapratation  of  a  <*  Tera  caosa,"  has  been,  that  it  implies  causes 
wlidk,Uq^endently  of  theoretical  calculations,  are  known  to  exist  by 
Adr  ■sfhaniral  effects ;  as  gravity  was  femiliarly  known  to  exist  on 
^  aarfl^  bdbre  it  was  extended  to  the  heavena.  The  electric  fluid 
ii|^  aaem  to  be  each  a  Mrs  eotisa. 

lb  fliia  I  flihoald  ventare  to  reply,  that  this  reasoning  shows  how 
UnsiTe  the  Newtonian  rule,  so  interpreted,  may  be.  For  a  moment's 
eMdentlon  will  satisfy  us  that  none  of  the  circomstanccs,  above  ad- 
jaead,  can  really  prove  material  currents,  rather  than  vibrations,  or 
oftsr  modes  of  agency.  The  spark  and  shock  arc  quite  insu£Scicnt  to 
iqply  sach  a  prool  Sound  is  vibrations, — light  is  vibrations ;  vibra- 
tions may  affect  our  nerves,  and  may  rend  a  body,  as  when  glasses  are 
bnioen  by  sounds.  Therefore  all  these  supposed  indications  of  the 
laGty  of  the  electric  fluid  are  utterly  fallacious.  In  truth,  this  mode 
of  qyplying  Newton's  rule  consists  in  elevating  our  first  rude  and 
osraentifie  impressions  into  a  supremacy  over  the  results  of  calcula- 
tioD,  generalization,  and  systematic  induction.'* 


*  Ob  the  taljeet  of  this  Newtonian  Rule  of  PhiloflophiziDg,  see  farther  PhU, 
bd,  &L  R  xii  &  18.  I  have  given  an  account  of  the  history  and  evidence  of 
the  Theory  of  Eleetricity  in  the  RepwrU  of  th$  BrUiah  Auoeiatiim  for  188S.  I 
nay  seem  there  to  have  ipoken  more  favorably  of  the  Theory  as  a  Fhyncsl 


S14  msiosr  or  MLBOTBoaxr. 

ThfOB  <mr  conclasioii  with  ngaid  to  ttiis  sobject  k,  th&t  if  we  W 
to  form  a  stable  physical  theory  of  electricity,  we  most  take  fi 
account  not  only  the  laws  of  statical  dectrieityy  which  we  haTclM 
chiefly  considering,  bat  the  laws  of  other  kinds  of  agency,  diflEBH 
from  the  electric,  yet  connected  with  it  For  the  electricity  of  wU 
we  have  hitherto  spoken,  and  whidi  is  commonly  ezdted  by  fikdM 
is  identical  with  galvanic  action,  which  is  a  result  of  chemical  ooaol 
nations,  and  belongs  to  chemical  philosophy.  The  connexion  of  Hm 
different  kinds  of  electricity  with  one  another  leads  ns  into  a  M 
domain ;  but  we  must,  in  the  first  place,  consider  their  mechmiei 
laws.  We  now  proceed  to  another  branch  of  the  same  sabject,  }b(f 
netisDL 


Theory  than  I  have  done  hete,    lliis  differenee  is  prineipally  dae  to  a  ooari 
deration  of  the  present  aspeet  of  the  Theory  of  Heal 
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Emoi,  at  interea  fera  mmiera  militiai 
Per  xnaria  ac  terras  omneis  soj^ta  qnieflcant. 
Nam  ta  sola  potes  tranquilla  pace  jayare 
Mortales ;  qaoniam  belli  fera  munera  Hayora 
Armipotens  regit,  in  gremiam  qui  ssspe  taam  se 
Bejicit,  letemo  devictus  vulnere  amoris ; 
Atque  ita  snspiciens  tereti  ceryioe  reposta, 
Fascit  amore  avidoe  inhians  in  te,  Dea,  vifliis, 
Eqne  tao  pendet  resnpini  spiritns  ore. 
Hnnc  ta,  Diva,  tao  recabantem  corpore  sancto 
Circamftua  saper,  saaves  ex  ore  loqaelaB 
Fande,  petens  pladdam  Bomanis,  Inclnta,  paoem. 

LuoBxr.  i.  81. 

0  charming  Goddess,  whose  mysterioas  svray 
The  anseen  hosts  of  earth  and  sky  obey ; 
To  whom,  though  cold  and  hard  to  all  besidea, 
The  Iron  God  by  strong  affection  glides, 
Flings  himself  eager  to  thy  close  embrace, 
And  bends  his  head  to  gaze  upon  thy  fiaoe ; 
Do  thoa,  what  time  thy  fondling  arms  are  thrown 
Around  his  form,  and  he  is  all  thy  own, 
Do  thou,  thy  Rome  to  save,  thy  power  to  prove. 
Beg  him  to  grant  a  boon  for  thy  dear  love ; 
Beg  him  no  more  in  battle-fields  to  deal, 
Or  crush  the  nations  with  his  mailed  heel, 
But,  touched  and  softened  by  a  worthy  flame. 
Quit  sword  and  spear,  and  seek  a  better  fiune. 
Bid  him  to  make  all  war  and  slaughter  cease, 
And  ply  his  genuine  task  in  arts  of  peace ; 
And  by  thee  guided  o'er  the  trackless  surge. 
Bear  wealth  and  joy  to  ocean's  fiurthest  veige. 


CHAPTER  L 
DiscoTERY  or  Laws  of  Maonstic  Phbnomsna. 

fIB  liistoiy  of  Magnetism  is  in  a  great  degree  similar  to  that  of 
Electricily,  and  many  of  the  same  persons  were  employed  in  the 
two  trains  of  research.  The  general  &ct,  that  the  magnet  attracts 
iroD,  was  nearly  all  that  was  known  to  the  ancients,  and  is  frequently 
maztioned  and  referred  to ;  for  instance,  by  Pliny,  who  wonders  and 
dedainis  concerning  it^  in  his  nsnal  exaggerated  style.'  The  writers 
oC  the  Stationary  Period,  in  this  snbject  as  in  others,  employed  them- 
selres  in  collecting  and  adorning  a  nmnber  of  extravagant  tales,  which 
thesl^htest  reference  to  experiment  wonld  have  disproved;  as,  for 
example,  that  a  magnet,  when  it  has  lost  its  virtae,  has  it  restored  by 
got^s  blood.  Gilbert,  whose  work  Be  Magnete  we  have  already 
mestioDed,  speaks  with  becoming  indignation  and  pity  of  this  bookish 
foUjy  and  repeatedly  asserts  the  paramonnt  valae  of  experiments.  He 
himseh^  nodonbt,  acted  np  to  his  own  precepts ;  for  his  work  contains 
all  the  fimdamental  fiicts  of  the  science,  so  fully  examined  indeed,  that 
efen  at  this  day  we  have  little  to  add  to  them.  Thus,  in  his  first 
Book,  the  subjects  of  the  third,  fourth,  and  fifth  Chapters  are, — 
that  the  magnet  has  poles, — ^that  we  may  call  these  poles  the  north 
iod  the  south  pole, — that  in  two  magnets  the  north  pole  of  each 
attracts  the  south  pole  and  repels  the  north  pole  of  the  other.  This 
is,  mdeed,  the  cardinal  &ct  on  which  our  generalizations  rest ;  and  the 
r^er  will  perceive  at  once  its  resemblance  to  the  leading  phenomena 
of  statical  electricity. 

But  the  doctrines  of  magnetism,  like  those  of  heat^  have  an  addi- 
tional claim  on  our  notice  from  the  manner  in  which  they  are  exempli- 
fied in  the  globe  of  the  earth.  The  subject  of  terrestrial  magnetism 
forms  a  very  important  addition  to  the  general  fects  of  magnetic 
attraction  and  repulsion.  The  property  of  the  magnet  by  which  it 
directs  its  poles  exactly  or  nearly  north  and  south,  when  once  dis- 
covered, was  of  immense  importance  to  the  mariner.     It  does  not 


Hi%t.  Nat.  lib.  zzzri  c.  25. 
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appear  easy  to  trace  with  certainty  the  period  of  this  diaooveij.  ,g 
Passing  over  certain  legends  of  the  Chinese,  as  at  any  rate  not  beaiiiy  ^ 
upon  the  progress  of  European  science,*  the  earliest  notice  of  this  pn^  ^ 
perty  appears  to  be  contained  in  the  Poem  of  Gnyot  de  FroTenoo^  ^ 
who  describes  the  needle  as  being  magnetized,  and  then  placed  in  oc  ^ 
on  a  straw,  (floating  on  water,  as  I  presume :) 

Puis  86  tome  la  pointe  tonte 

Contre  Testoile  sans  doote ;  ,\ 

that  IS,  it  tarns  towards  the  polo-star.  This  account  would  make  tliQ 
knowledge  of  this  property  in  Europe  anterior  to  1200.  It  wa^ 
afterwards  found'  that  tlie  needle  docs  not  point  exactly  towards  the 
north.  Gilbert  was  aware  of  this  deviation,  which  he  calls  the  varim^ 
(ton,  and  also,  that  it  is  different  in  different  places.^  He  Tn^n<;i^nAd 
on  theoretical  principles  also,*  that  at  the  same  place  the  variation  is 
constant ;  probably  in  his  time  there  were  not  any  recorded  obBerva- 
tions  by  which  the  truth  of  this  assertion  could  be  tested;  it  was 
afterwards  found  to  be  false.  The  alteration  of  the  variation  in  pro- 
ceedii^  from  one  place  to  another  was,  it  will  be  recollected^  one  of 
the  circumstances  which  most  alarmed  the  companions  of  Columbos 
in  1492.  Gilbert  says,*  *^  Other  learned  men  have,  in  long  navigations, 
observed  the  differences  of  magnetic  variations,  as  Thomas  Hariot, 
Robert  Hues,  Edward  Wright,  Abraham  Kendall,  all  Englishmen: 
others  have  invented  magnetic  instruments  and  convenient  modes  of 
observation,  such  as  are  requisite  for  those  who  take  long  voyages^  as 
William  Borough  in  his  Book  concerning  the  variation  of  the  compas^ 
William  Barlo  in  his  supplement,  William  Norman  in  his  Ifim 
Attractive.  This  is  that  Robert  Norman  (a  good  seaman  and  an  in- 
genious artificer,)  who  first  discovered  the  dip  of  magnetic  iron." 
This  important  discovery  was  made^  in  1576.  From  the  time  when 
the  difference  of  the  variation  of  the  compass  in  different  places 
became  known,  it  was  important  to  mariners  to  register  the  variation 
in  all  parts  of  the  world.  Halley  was  appointed  to  the  command  of  a 
ship  in  the  Royal  Navy  by  the  Government  of  William  and  Maiy, 
with  orders  ^  to  seek  by  observation  the  discovery  of  the  rule  for  the 
variation  of  fhe  compass."    He  published  Magnetic  Oharts,  which 


'  JSne,  Met  art  Magnditm,  p.  780.       ■  Before  1269.    JSme,  Met.  p.  787. 
«  J>6  Miignst^m>.  lY.  0. 1.       *  e.  8.     *  lib.  i  o.  1.       ^  She.  Met  ^  1ZB. 
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htBn  been  eince  corrected  and  improved  by  various  persoDs.    The 

wfm  lecent  are  thoee  of  Mr.  Yates  in  1817,  and  of  M.  Hansteen.    The 

d%^  aa  well  as  the  Tariation,  was  found  to  be  different  in  different 

fheOb     M.  Humboldt,  in  the  course  of  his  travels,  collected  many 

waA  observiationa.    And  both  the  observations  of  variation  and  of 

dip  seemed  to  indicate  that  the  earth,  as  to  its  effect  on  the  magnetic 

leedk,  may,  s^proximately  at  least,  be  considered  as  a  magnet,  the 

poles  of  which  are  not  &t  removed  from  the  earth^s  poles  of  rotation. 

TkoB  we  have  a  ma^^Ue  equator^  in  which  the  needle  has  no  dip,  and 

which  doea  not  deviate  fax  from  the  earth's  equator ;  although,  from 

tbe  beifc  obaervationB,  it  appears  to  be  by  no  means  a  regular  circle. 

And  die  phenomena,  both  of  the  dip  and  of  the  variation,  in  high 

nortliem  latitudes,  appear  to  indicate  the  existence  of  a  pole  below 

the  mfiiee  of  the  earth  to  the  north  of  Hudson's  Bay.    In  his  second 

remnhiUe  expedition  into  those  r^ons,  Captain  Boss  is  supposed  to 

have  reached  the  place  of  this  pole ;  the  dipping-needle  there  pointing 

vertically  downwards,  and  the  variation-compass  turning  towards  this 

pdnt  in  the  adjacent  regions.    We  shall  hereafter  have  to  consider 

the  more  complete  and  connected  views  which  have  been  taken  of 

terrestnal  magnetism. 

In  1633,  Gellibrand  discovered  that  the  variation  is  not  constant,  as 
Gilbert  imagined,  but  that  at  London  it  had  diminished  from  eleven 
d^rees  east  in  1580,  to  four  degrees  in  1033.  Since  that  time  the 
variation  has  become  more  and  more  westerly ;  it  is  now  about  twenty- 
fire  d^;rees  west,  and  the  needle  is  supposed  to  have  begun  to  travel 
e»twaid  again. 

The  next  important  fiict  which  appeared  with  respect  to  terrestrial 
nu^etism  was,  that  the  position  of  the  needle  is  subject  to  a  small 
diurnal  variation:  this  was  discovered  in  1722,  by  Graham,  a  philoso- 
phical instrument-maker,  of  Londoo.  The  daily  variation  was  esta- 
blifthed  by  one  thousand  observations  of  Graham,  and  confirmed  by 
four  thousand  more  made  by  Canton,  and  is  now  considered  to  be  out 
of  dispute.  It  i^peared  also,  by  Canton's  researches,  that  the  diurnal 
variation  undergoes  an  annual  inequality,  beiog  nearly  a  quarter  of  a 
degree  in  June  and  July,  and  only  half  that  quantity  in  December  and 
January. 

Hanng  thus  noticed  the  principal  facts  which  belong  to  terrestrial 
magnetism,  we  must  return  to  the  consideration  of  those  phenomena 
which  gradually  led  to  a  consistent  magnetic  theory.  Gilbert  observed 
that  both  smelted  iron  and  hammered  iron  have  the  magnetic  virtue. 
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thongh  in  a  weaker  d^^roe  than  the  magnet  itself*  and  he  aaserted  dii- 
tinctly  that  the  magnet  is  merely  an  ore  of  iron,  (lib.  L  c  16,  QnoA 
magnes  etvena  ferri  idem  snnt)  He  also  noted  the  increased  eneqQf 
which  magnets  acquire  by  being  armed  ;  that  is,  fitted  with  a  cup  of 
polished  iron  at  each  pole.*  Bat  we  do  not  find  till  a  later  period  nj 
notice  of  the  distinction  which  exists  between  the  magnetical  propciy 
ties  of  soft  iron  and  of  hard  steel ; — ^the  latter  being  susceptible  of  1 
formed  into  artificial  magnets^  with  permanent  poles ;  while  BfA  i 
is  only  passively  magnetic^  receiving  a  temporary  polarity  from  tiki 
action  of  a  magnet  near  it,  but  losing  this  property  when  the  magnet 
is  removed.  About  the  middle  of  tiie  last  century,  various  mefthoA 
were  devised  of  making  artificial  magnets,  which  exceeded  in  power 
all  magnetic  bodies  previously  known. 

The  remaining  experimental  researches  had  so  close  an  historical 
connexion  with  the  theory,  that  they  will  be  best  considered  aloiig 
with  it,  and  to  that,  therefore,  we  now  proceed. 


CHAPTER  n. 
Progress  of  Maqnetio  Theort. 

THEORY  OF  Maonbtio  Action. — ^The  assumption  of  a  fluid,  as  a 
mode  of  explaining  the  phenomena,  was  fsur  less  obvious  in  magnetic 
than  in  electric  cases,  yet  it  was  soon  arrived  at.  After  the  usual  phi- 
losophy of  the  middle  ages,  the  "  forms"  of  Aquinas,  the  "  efflux"  of 
Cusanus,  the  *'  vapors"  of  Costseus,  and  the  like,  which  are  recorded 
by  Gilbert,'  we  have  his  own  theory,  which  he  also  expresses  by 
ascribing  the  effects  to  a  "  formal  eflSciency ;" — a  **'form  of  primaiy 
globes ;  the  proper  entity  and  existence  of  their  homogeneous  parti, 
which  we  may  call  a  primary  and  radical  and  astral  ybrm :" — of  which 
forms  there  is  one  in  the  sun,  one  in  the  moon,  one  in  the  earth,  the 
latter  being  the  magnetic  virtue. 

Without  attempting  to  analyse  the  precise  import  of  these  expres- 
sions, we  may  proceed  to  Descartes^s  explanation  of  magnetic  pheno- 
mena.   The  mode  in  which  he  presents  this  subject'  is,  perhaps,  the 


*  lib.  L  0.  9—11.  *  LOk  il  e.  17. 

>  Gilb.  Ub.  iL  «^  S^  4  *  PtUl  PiW.ptn  a  It.  146. 
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nost  persoaaiYe  of  his  physical  attempts.  If  a  magnet  be  placed 
unong  iron  filings,  these  arrange  themselves  in  curved  lines,  which 
proceed  from  one  pole  of  the  magnet  to  the  other.  It  was  not  difScnlt 
to  conceive  these  to  be  the  traces  of  currents  of  ethereal  matter  which 
drcnlate  through  the  magnet^  and  which  are  thus  rendered  sensible 
even  to  the  eye.  When  phenomena  could  not  be  explained  by  means 
of  one  vortex,  several  were  introduced.  Three  Memoirs  on  Magnetism, 
written  on  such  principles,  had  the  prize  adjudged'  by  the  French 
Academy  of  Sciences  in  1746. 

But  the  Cartesian  philosophy  gradually  declined ;  and  it  was  not 
difficult  to  show  that  the  magnetic  curves^  as  well  as  other  phenomena, 
would,  in  fact,  result  firom  the  attraction  and  repulsion  of  two  poles. 
The  analogy  of  magnetism  with  electricity  was  so  strong  and  clear, 
that  similar  theories  were  naturally  proposed  for  the  two  sets  of  &cts ; 
the  distinction  of  bodies  into  conductors  and  electrics  in  the  one  case, 
corresponding  to  the  distinction  of  soft  and  hard  steel,  in  their  rela- 
tions to  magnetism,  .^inus  published  a  theory  of  magnetism  and 
electricity  at  the  same  time  (1759);  and  the  former  theory,  like  the 
latter,  explained  the  phenomena  of  the  opposite  poles  as  results  of  the 
excess  and  defect  of  a  magnetic  '*  fluid,"  which  was  dislodged  and 
accumulated  in  the  ends  of  the  body,  by  the  repulsion  of  its  own  par- 
ticles, and  by  the  attraction  of  iron  or  steel,  as  in  the  case  of  induced 
electricity.  The  -^inian  theory  of  magnetism,  as  of  electricity,  was 
recast  by  Coulomb,  and  presented  in  a  new  shape,  with  two  fluids  in- 
stead of  one.  But  before  this  theory  was  reduced  to  calculation,  it 
was  obviously  desirable,  in  the  first  place,  to  determine  the  law  of 
ibrce. 

In  magnetic,  as  in  electric  action,  the  determination  of  the  law  of 
attraction  of  the  particles  was  attended  at  first  with  some  difficulty, 
because  the  action  which  a  finite  magnet  exerts  is  a  compound  result 
of  the  attractions  and  repulsions  of  many  points.  Newton  had  ima- 
gined the  attractive  force  of  magnetism  to  be  inversely  as  the  cube  of 
the  distance;  but  Mayer  in  1760,  and  Lambert  a  few  years  later, 
asserted  the  law  to  be,  in  this  as  in  other  forces,  the  inverse  square. 
Coulomb  has  the  merit  of  having  first  clearly  confirmed  this  law,  by 
the  use  of  his  torsion-balance.^  He  established,  at  the  same  time,  other 
very  important  &cts,  for  instance,  ^  that  the  directive  magnetic  force, 
which  the  earth  exerts  upon  a  needle,  is  a  constant  quantity,  parallel 


«  Goulomb,  1789,  p.  48i.  *  Mm.  A.  P.  1784,  2d  Mem.  pi  698. 
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to  the  magnetic  meridian,  and  posang  through  the  same  point  of  Iln9 
needle  whatever  be  its  position."  This  was  the  more  impoitnl|>i: 
because  it  was  necessary,  in  the  first  place,  to  allow  for  the  effectofttiB 
terrestrial  force,  before  the  mutual  action  of  the  magnets  ooidd  te^i 
extricated  from  the  phenomena.*  Coulomb  then  proceeded  to  oomeft  £; 
the  theory  of  magnetism.  r 

CoulomVs  reform  of  the  JSpinian  theory,  in  the  case  of  magnetifltti  ^ 
as  in  that  of  electricity,  substituted  two  fluids  (an  austral  and  a  hormd  i 
fluid,)  for  the  single  fluid ;  and  in  this  way  removed  the  necessity  nadflr 
which  ^pinus  foimd  himself,  of  supposing  all  the  partddea  of  iron  and 
steel  and  other  magnetic  bodies  to  have  a  peculiar  repulsion  for  ettdh 
other,  exactly  equal  to  their  attraction  for  the  magnetic  fluid.  But  ia 
the  case  of  magnetism,  another  modification  was  necessary.  It  was 
impossible  to  suppose  here,  as  in  the  electrical  phenomena,  that  one  of 
the  fluids  was  accumulated  on  one  extremity  of  a  body,  and  the  othar 
fluid  on  the  other  extremity ;  for  though  this  might  appear,  at  fink 
sight,  to  be  the  case  in  a  magnetic  needle,  it  was  found  that  when  the 
needle  was  cut  into  two  halves,  the  half  in  which  the  austral  fluid  had 
seemed  to  predominate,  acquired  immediately  a  boreal  pole  opposite  to 
ita  austral  pole,  and  a  similar  eft'ect  followed  in  the  other  halfl  The 
same  is  true,  into  however  many  parts  the  magnetic  body  be  cut  Hie 
way  in  which  Coulomb  modified  the  theory  so  as  to  reconcile  it  with 
such  facts,  is  simple  and  satisfieu^tory.  He  supposes*  the  magnetic  body 
to  be  made  up  of  ^  molecules  or  integral  parts,"  or,  as  they  were  after- 
wards called  by  M.  Poisson,  *^  magnetic  elements.''  In  each  of  dieae 
elements,  (which  arc  extremely  minute,)  the  fluids  can  be  separated,  ao 
that  each  clement  has  an  austral  and  a  boreal  pole ;  but  the  auatal 
pole  of  an  clement  which  is  adjacent  to  the  boreal  pole  of  the  next 
neutralizes,  or  nearly  neutralizes,  its  effect ;  so  that  the  sensible  mag 
netism  appears  only  towards  the  extremities  of  the  body,  as  it  would  do 
if  the  fluids  could  permeate  the  body  freely.  We  shall  have  exactly 
the  same  result,  as  to  sensible  magnetic  force,  on  the  one  suppoeitioQ 
and  on  the  other,  as  Coulomb  showed.^ 

The  theory,  thus  freed  from  manifest  incongruities,  was  to  be  reduced 
to  calculation,  and  compared  with  experiment ;  this  was  done  in  Con- 
lomVs  Seventh  Memoir.*  The  difiBcultics  of  calculation  in  this,  as  in  the 
electric  problem,  could  not  be  entirely  surmounted  by  the  analysis  of 
Coulomb ;  but  by  various  artifices,  he  obtained  theoretically  the  rela- 
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tiie  amoont  of  magnetisin  at  several  points  of  a  needle,*  and  the 
|wpu»ition  that  the  directive  force  of  the  earth  on  similar  needles  satu- 
alsd  with  magnetism,  was  as  the  cube  of  their  dimensions ;  conclosions 
«hkh  igreed  with  experiment 

The  agreement  thos  obtained  was  sufficient  to  give  a  great  probabi- 
Ikf  to  the  theory ;  but  an  improvement  of  the  methods  of  calcolation 
ad  a  repetition  of  experiments,  was,  in  this  as  in  other  cases,  desirable, 
li  a  eonfirmation  of  the  labors  of  the  original  theorist  These  requi- 
Btes^  in  the  conrse  of  time,  were  supplied.  The  researches  of  Laplace 
ind  Legendre  on  the  figure  of  the  earth  had  (as  we  have  already 
flaled,)  introdaced  some  very  peculiar  analytical  artifices,  applicable  to 
die  afttactioiis  of  spheroids ;  and  these  methods  wore  employed  by  M. 
Biotin  1811,  to  show  that  on  an  elliptical  spheroid,  the  thickness  of 
the  fluid  in  the  direction  of  the  radius  would  be  as  the  distance  from 
the  eentze.'*  But  the  subject  was  taken  up  in  a  more  complete  man- 
ua  in  1824  by  M.  Poisson,  who  obtained  general  expressions  for  the 
Jttnctions  or  repulsions  of  a  body  of  any  form  whatever,  magnetized 
by  infiaence,  upon  a  given  point ;  and  in  the  case  of  spherical  bodies 
vsB  able  completely  to  solve  the  equations  which  determine  these 

Previously  to  these  theoretical  investigations,  Mr.  Barlow  had  made 
a  series  of  experiments  on  the  effect  of  an  iron  sphere  upon  a  compass 
needfe ;  and  had  obtained  empirical  formula)  for  the  amount  of  the 
deviation  of  the  needle,  according  to  its  dependence  upon  the  position 
at-J  m^nitadc  of  the  sphere.  He  afterwards  deduced  tlie  same  for- 
mulae from  a  theory  which  was,  iu  fact,  identical  with  that  of  Coulomb, 
wi  which  he  considered  as  different,  in  that  it  supposed  the  magnetic 
fluids  to  bo  entirely  collected  at  the  surface  of  the  sphere.  He  had 
indeed  found,  by  experiment,  that  the  surface  was  the  only  part  in 
»hich  there  was  any  sensible  magnetism ;  and  that  a  thin  shell  of  iron 
would  produce  the  same  effect  as  a  solid  ball  of  the  same  diameter. 

But  this  was,  in  fact,  a  most  complete  verification  of  Coulomb's 
theor}".  For  though  that  theory  did  not  suppose  the  magnetism  to  be 
collected  solely  at  the  surface,  as  Mr.  Barlow  found  it,  it  followed  from 
the  theorj',  that  the  sensible  magnetic  intensity  assumed  the  same  dis- 
tribution (namely,  a  surface  distribution,)  as  if  the  fluids  could  per- 
meate the  whole  body,  instead  of  tlio  "  magnetic  elements"  only.  Cou- 
lomb, indeed,  had  not  expressly  noticed  the  result,  that  the  sensible 
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magnetism  would  be  confined  to  the  surface  oi  bodies ;  bat  ha  1 
found  that,  in  a  long  needle,  the  magnetic  fluid  might  be  su]^ 
to  be  concentrated  very  near  the  extremities,  just  as  it  is  in  a  | 
electric  body.  The  theoretical  confirmation  of  this  rule  amoiig. 
other  consequences  of  the  theory, — that  the  sensible  magnetiam  m 
be  collected  at  the  surface, — was  one  of  the  results  of  Poisson's  ana^ 
For  it  appeared  that  if  the  sum  of  the  electric  elements  of  the  b 
was  equal  to  the  whole  body,  there  would  be  no  difiference  between 
action  of  a  solid  sphere  and  very  thin  shelL 

We  may,  then,  consider  the  Coulombian  theory  to  be  folly  c 
blished  and  verifiod,  as  a  representation  of  the  laws  of  magnetical  ] 
nomena.  We  may  add,  as  a  remarkable  and  valuable  example  d 
ulterior  step  in  the  course  of  sciences,  the  application  of  the  lawi 
the  distribution  of  magnetism  to  the  purposes  of  navigation.  It 
been  found  that  the  mass  of  iron  which  exists  in  a  ship  produo 
deviation  in  the  direction  of  the  compass-needle,  which  was  teo 
^  local  attraction,*^  and  which  rendered  the  compass  an  erroneous  go 
Mr.  Barlow  proposed  to  correct  this  by  a  plate  of  iron  placed  near 
compass ;  the  plate  being  of  comparatively  small  mass,  but,  in  co 
quence  of  its  expanded  form,  and  its  proximity  to  the  needle,  of  eqn 
lent  effect  to  the  disturbing  cause. 

[2nd  Ed.]  [This  proposed  arrangement  was  not  successful,  beci 
as  the  ship  turns  into  different  positions,  it  may  be  considered 
revolving  round  a  vertical  axis ;  and  as  this  does  not  coincide  with 
magnetic  axis,  the  relative  magnetic  position  of  the  disturbing  p 
of  the  ship,  and  of  the  correcting  plate,  will  be  altered,  so  that  i 
will  not  continue  to  counteract  each  other.  In  high  magnetic  latki 
the  correcting  plate  was  used  with  success. 

But  when  iron  ships  became  common,  a  correction  of  the  effee 
the  iron  upon  the  ship's  compass  in  the  general  case  became  neceii 
Mr.  Airy  devised  the  means  of  making  this  correction.  By  placii 
magnet  and  a  mass  of  iron  in  certain  positions  relative  to  the  cooq 
the  effect  of  the  rest  of  the  iron  in  the  ship  is  completely  counteiw 
in  all  positions."] 

But  we  have  still  to  trace  the  progress  of  the  theory  of  tenesi 
magnetism. 

Theory  of  Terrestrial  Magnetism. — Gilbert  had  begun  a  plaoi 
course  of  speculation  on  this  point.    "  We  must  reject,"  he  says," 
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lit  ta/t  irface,  that  mlgar  opinion  of  recent  writers  concerning  mag- 
BBOuntains,  or  a  certain  magnetic  rock,  or  an  imaginary  pole  at  a 
BB  distance  from  the  pole  of  the  earth."  For,  he  adds,  ^'  we  learn 
tf  flqterience,  that  there  is  no  such  fixed  pole  or  term  in  the  earth  for 
lb  variation.^  Gilbert  describes  the  whole  earth  as  a  magnetic  globe, 
lattxibates  the  variation  to  the  irregular  form  of  its  protuberances, 
Ike  solid  parts  only  being  magnetic.  It  was  not  easy  to  confirm  or 
t  this  opinion,  but  other  hypotheses  were  tried  by  various  writers ; 
far  instance,  Halley  had  imagined,  firom  the  forms  of  the  lines  of 
vful  variation,  that  there  must  be  four  magnetic  poles ;  but  Euler'^ 
iamtA  that  the  ^Halleian  lines"  would,  for  the  most  part,  result 
from  the  supposition  of  two  magnetic  poles,  and  assigned  their  posi- 
tion so  as  to  represent  pretty  well  the  known  state  of  the  variation 
iD  dm  the  world  in  1744.  But  the  variation  was  not  the  only  phe- 
nomenon which  required  to  be  taken  into  account ;  the  dip  at  differ- 
ent pbea^  and  also  the  intensity  of  the  force,  were  to  be  considered. 
We  hare  already  mentioned  M.  dc  Humboldt's  collection  of  observa- 
tion  of  the  dip.  These  were  examined  by  M.  Biot,  with  the  view 
of  ledndng  them  to  the  action  of  two  poles  in  the  supposed  terres- 
trial magnetic  axis.  Having,  at  first,  made  the  distance  of  these 
poles  from  the  centre  of  the  earth  indefinite,  he  found  that  his  for- 
mnlB  i^fced  more  and  more  nearly  with  the  observations,  as  the 
pola  were  brought  nearer ;  and  that  fact  and  theory  coincided  tolera- 
Uy  well  when  both  poles  were  at  the  centre.  In  1809,"  Krafil  sim- 
pHned  this  result,  by  showing  that^  on  this  supposition,  tlie  tangent 
of  the  dip  was  twice  the  taugent  of  the  latitude  of  the  place  as  mca- 
sired  from  the  magnetic  equator.  But  M.  Hansteen,  who  has  devoted 
to  the  subject  of  terrestrial  magirotism  a  great  amount  of  labor  and 
-iiiL  has  shown  that,  taking  together  all  the  observations  which  we 
pi^sess,  we  are  compelled  to  suppose  four  magnetic  poles ;  two  near 
the  north  pole,  and  two  near  the  south  pole,  of  the  terrestrial  globe  ; 
and  that  these  poles,  no  two  of  which  arc  exactly  opposite  each  other, 
are  all  in  motiou,  with  different  velocities,  some  moving  to  the  east 
and  some  to  the  west  This  curious  collection  of  facts  awaits  the 
Land  of  future  theorists,  when  tlie  ripeness  of  time  shall  invite  them 
to  the  task. 

[2nd  Ed.]     [I  had  thus  written  in  the  first  edition.    The  theorist 
^iho  was  needed  to  reduce  this  accumulation  of  facts  to  their  laws, 
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had  already  laid  his  powerful  hand  upon  them ;  namelyy  M.  Gaomt . 
mathematician  not  inferior  to  any  of  the  great  men  who  OQmpl0t0i1|||*. 
theory  of   gravitation.    And  institations  had  been  established  (k[ 
extending  the  collection  of  the  facts  pertaining  to  it,  on  a  scale } 
elevates  Magnetism  into  a  companionship  with  Astronomy.    M.  ] 
steen^s  Magneiiamua  der  Erde  was  published  in  1810.    fljs  < 
sions  respecting  the  position  of  the  four  magnetic  "  poles**  exdted  ia^ 
much  interest  in  his  own  country,  that  the  Norwegian  SiortUM§^^' 
parliament,  by  a  unanimous  vote,  provided  funds  for  a  magnetic  op^*^ 
dition  which  he  was  to  conduct  aloug  the  north  of  Europe  and  Am;' 
and  this  they  did  at  the  very  time  when  they  refused  to  make  a  gnat 
to  the  king  for  building  a  palace  at  Christiania.    The  expedition  ww 
made  in  1828-30,  and  verified  Hansteen*s  anticipations  as  to  Ae 
existence  of  a  region  of  magnetic  convergence  in  Siberia,  which  lia 
considered  as  indicating  a  "pole"  to  the  north  of  that  country.    3L  ■ 
Erman  also  travelled  round  the  earth  at  the  same  time,  making  mag- 
netic observations. 

About  the  same  time  another  magnctical  phenomenon  attracted  atten- 
tion. Besides  the  general  motion  of  the  magnetic  poles,  and  the  dinmal 
movements  of  the  needle,  it  was  found  that  small  and  irregular  dil- 
turbances  take  place  in  its  position,  which  M.  de  Humboldt  termed  mm^ 
netic  storms.  And  that  which  excited  a  strong  interest  on  this  Bahjeet 
was  the  discovery  that  these  magnetic  storms,  seen  only  by  philosophen 
who  watch  the  needle  with  microscopic  exactness,  rage  simultaneondy 
over  large  tracts  of  the  surface  of  our  globe.  This  was  detected  aboat 
1825  by  a  comparison  of  the  observations  of  M.  Arago  at  Paris  with 
simultaneous  observations  of  M.  EupfTer  at  Kasan  in  Russia,  distant 
more  than  47  degrees  of  longitude. 

At  the  instance  of  M.  de  Humboldt^  the  Imperial  Academy  of  RusBa 
adopted  with  zeal  the  prosecution  of  this  inquiry,  and  formed  a  chain 
of  magnetic  stations  across  the  whole  of  the  Russian  empire.  Mag- 
netic observations  were  established  at  Petersburg  and  at  Easan,  and 
corresponding  observations  were  made  at  Moscow,  at  Nicolaieff  in  the 
Crimea,  and  Barnaoul  and  Nertchinsk  in  Siberia,  at  Sitka  in  Russian 
America,  and  even  at  Pekin.  To  these  magnetic  stations  the  Russian 
government  afterwards  added,  Catliarineburg  in  Russia  Proper,  Hd- 
singfors  in  Finland,  Teflis  in  Georgia.  A  comparison  of  the  results 
obtained  at  four  of  these  stations  made  by  MM.  de  Humboldt  and 
Dove,  in  the  year  1830,  showed  that  the  magnetic  disturbances  were 
simultaneous,  and  were  for  the  most  parallel  in  their  progress. 
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Important  steps  in  the  prosecution  of  this  sabject  wore  soon  aftei 
made  by  M.  Ganss,  the  great  mathematician  of  Gdttingen.  He  con- 
trived instruments  and  modes  of  observation  fer  more  perfect  than  any 
before  employed,  and  organized  a  system  of  comparative  observations 
throughout  Europe.  In  1835,  stations  for  this  purpose  were  establish- 
ed at  Altona,  Augsburg,  Berlin,  Breda,  Breslau,  Copenhagen,  Dublin, 
Freiberg,  Gdttingen,  Greenwich,  Hanover,  Leipsic,  Marburg,  Milan, 
Mnnich,  Petersburg,  Stockholm,  and  TJpsala.  At  these  places,  six 
times  in  the  year,  observations  were  taken  simultaneously,  at  intervals 
of  five  minutes  for  24  hours.  The  Results  of  the  Magnetic  Associa- 
Hon  (Resultaten  des  Magnetischen  Vereins)  were  published  by  MM. 
Gauss  and  Weber,  beginning  in  1836. 

British  physicists  did  not  at  first  take  any  leading  part  in  these  plans. 
But  in  1836,  Baron  Humboldt,  who  by  his  long  labors  and  important 
discoveries  in  this  subject  might  be  considered  as  peculiarly  entitled  to 
mge  its  claims,  addressed  a  letter  to  the  Duke  of  Sussex,  then  Presi- 
dent of  the  Royal  Society,  asking  for  the  co-operation  of  this  country 
in  80  large  and  hopeful  a  scheme  for  the  promotion  of  science.  The 
Royal  Society  willingly  entertained  this  appeal ;  and  the  progress  of 
the  cause  was  still  further  promoted  when  it  was  zealously  taken  up 
by  the  British  Association  for  the  Advancement  of  Science,  assem- 
bled at  Newcastle  in  1838.  The  Association  there  expressed  its  strong 
interest  in  the  German  system  of  magnetic  observations ;  and  at  tlie 
instigation  of  this  body,  and  of  the  Royal  Society,  four  complete  mag- 
netical  observatories  were  established  by  the  British  government,  at 
Toronto,  St  Helena,  the  Gape  of  Good  Hope,  and  Van  Diemcn's 
Land.  The  munificence  of  the  Directors  of  the  East  India  Company 
founded  and  furnished  an  equal  number  at  Simla  (in  the  Himalayah), 
Madras,  Bombay,  and  Sincapore.  Sir  Thomas  Brisbane  added  another 
at  his  own  expense  at  Kelso,  in  Scotland.  Besides  this,  the  govern- 
ment sent  out  a  naval  expedition  to  make  discoveries  (magnetic  among 
others),  in  the  Antarctic  regions,  under  the  command  of  Sir  James 
Roes.  Other  states  lent  their  assistance  also,  and  founded  or  reorga- 
nized their  magnetic  observatories.  Besides  those  already  mentioned, 
one  was  established  by  the  French  government  at  Algiers ;  one  by 
the  Belgian,  at  Brussels ;  two  by  Austria,  at  Prague  and  Milan  ;  one  by 
Prussia,  at  Breslau ;  one  by  Bavaria,  at  Munich ;  one  by  Spain,  at 
Cadiz ;  there  are  two  in  the  United  States,  at  Philadelphia  and  Cam- 
bridge; one  at  Cairo,  founded  by  the  Pasha  of  i^pt ;  and  in  India,  one 
at  Trevandmm,  established  by  the  Rajah  of  Travancore ;  and  one  by 
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of  Oude,  at  Luctnow*     At  aU  tli<?sc  distant  stations  1 

pin  was  followed  out,  by  observations  strictly  sinmltanec 

pcording  to  the  same  metbodft,  with  the  same  instmmex 

Sacli  a  scheme,  combining  world-wide  extent  with  thcsioj 

[action  of  an  individaal  mind,  is  hitherto  without  parallel. 

•at,  iho  British  stations  were  established  for  three  years  on 

las  thought  advisable  to  extend  this  period  three  years  Iodj 

1S45.     Anil  whoD  tlie  termination  of  that  period  arrivet 

[}M  was  hdd  among  tlie  magnetitians  themaelves^  wbethei 

Iter  to  continue  the  observations  gtiH,  or  to  examine  and  <x 

le  vast  mnsis  of  observations  already  collected,  so  as  to  hx 

IsLilu  and  improvomcnta  of  methods  they  pointed.     This  qt 

argued  at  the  meeting  of  the  British  Association  at  C^ 

I  that  yoar;  and  the  conference  ended  in  the  magnetiei 

Ing  to  have  the  observations  contiuned,  at  some  of  the  obeei 

]>r  an  indefinite  period,  at  others,  Ull  the  year  1848,     In  ; 

tlic  i\ntarctie  expedition  had  brought  back  a  rioli  *(tow 

jtions,  fitted  to  disclose  tlie  magnetic  condition  of  l^ose  regi 

had  ox]4orcd.     These  were  disaisufd,  and  their  results  ea 
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manner  as  to  determine  both  their  periodical  variations  (the  changes 
which  occor  in  the  period  of  a  day,  and  of  a  year),  the  secular 
changes,  as  the  gradual  increase  or  diminution  of  the  declination  at 
the  same  place  for  many  years ;  and  the  irregulaT  fluctuations  which, 
as  we  have  said,  are  simultaneous  over  a  large  part^  or  the  whole,  of 
the  earth's  surfiEU^e. 

When  these  Facts  have  been  ascertained  over  the  whole  extent  of 
the  earth's  sur&ce,  we  shall  still  have  to  inquire  what  is  the  Cause  of 
the  changes  in  the  forces  which  these  phenomena  disclose.  But  as  a 
basis  for  all  speculation  on  that  subject,  we  must  know  the  law  of  the 
phenomena,  and  of  the  forces  which  immediately  produce  them.  I 
have  already  said  that  Euler  tried  to  account  for  the  Halleian  .ines 
by  means  of  two  magnetic  ^  poles,"  but  that  M.  Hansteen  conceived  it 
necessary  to  assume /otcr.  But  an  entirely  new  light  has  been  thrown 
upon  this  subject  by  the  beautiful  investigations  of  Gauss,  in  his 
Theonf  <f  Terrestrial  Magnetism^  published  in  1839.  He  remarks 
that  the  term  ^'  poles,"  as  used  by  his  predecessors,  involves  an  as- 
sumption arbitrary,  and,  as  it  is  now  found,  fiilsc ;  namely,  that  cer- 
tain definite  points,  two,  four,  or  more,  acting  according  to  the  laws 
of  ordinary  magnetical  poles,  will  explain  the  phenomena.  He  starts 
fix>m  a  more  comprehensive  assumption,  that  magnetism  is  distributed 
throughout  the  mass  of  the  earth  in  an  unknown  manner.  On  this 
aasmnption  he  obtains  a  function  F,  by  the  differentials  of  which  the 
elements  of  the  magnetic  force  at  any  point  will  be  expressed.  This 
fanction  V  is  well  known  in  physical  astronomy,  and  is  obtained 
by  aoniming  all  the  elements  of  magnetic  force  in  each  particle,  each 
maltipHed  by  the  reciprocal  of  its  distance ;  or  as  we  may  express 
it,  by  taking  the  sum  of  each  element  and  its  proximity  jointly. 
Hence  it  has  been  proposed'*  to  term  this  function  the  ^integral 
proximity^  of  the  attracting  mass."    By  using  the  most  refined  ma- 


**  Quart  JUv.  No.  181,  p.  288. 

"  The  fanetioii  V  is  of  eomtant  ocenrrenoe  in  investigationB  reepeotmg 
•tinotioiiii  It  is  Sntroduoed  by  Laplsoe  in  his  investigstioDfl  respecting  the 
iMraetions  of  sphsrwdB,  JHe.  Oel  livr.  iil  Art  4.  Mr.  Green  and  ProfeMor 
Maa  Onlla^  have  proposed  to  term  this  function  the  Potential  of  the  system ; 
but  this  term  (though  suggested,  I  soppoee,  by  analogy  with  the  substantive 
EtponenHal),  does  not  appear  convenient  in  its  form.  On  the  other  hand,  the 
ttetn  IfUegral  Proximity  does  not  indicate  that  which  gives  the  function  its 
peenlSar  datm  to  distinction ;  namely,  that  its  differentials  express  the  power 
or  attraction  of  the  system.  Perhaps  Integral  Pcimtiality,  or  Integral  AUrae- 
tiniy,  would  be  a  term  combining  the  recommendations  of  both  the  others. 
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thematical  artifices  for  deducing  the  valacs  of  Fand  its  d^erentUl^' 
in  converging  scries,  he  is  able  to  derive  the  coefficients  of  these  MriM^  ^ 
from  the  observed  magnetic  elements  at  certain  places,  and  heoM^^til^*^ 
calculate  them  for  all  places.    The  comparison  of  the  calculation  wBk  *^^ 
the  observed  results  is,  of  course,  the  test  of  the  truth  of  the  thoofj.     -^ 

The  degree  of  convergence  of  the  series  depends  upon  the  nnkiioidb  c; 
distribution  of  magnetism  within  the  earth.    ^  If  we  could  Tenton  to  ^t 
assume,**  says  M.  Gauss,  "  that  the  members  have  a  sensible  idfliMM  ^-c^ 
only  as  far  as  the  fourth  order,  complete  observations  from  eight  ponilf  >^^ 
would  be  sufficient,  theoretically  considered,  for  the  determination  of  x 
the  coefficients.*'     And  under  certain  limitations,  making  this  affnnqh   x 
tion,  as  the  best  we  can  do  at  present,  M.  Gauss  obtains  from  eight  : 
places,  24  coefficients  (each  supplying  three  elements),  and  hence  eat  : 
culates  the  magnetic  elements  (intensity,  variation  and  dip)  at  91    ^ 
places  in  all  parts  of  the  earth.    He  finds  his  calculations  approMh    •; 
the  observed  values  with  a  degree  of  exactness  which  appears  to  be    : 
quite  convincing  as  to  the  general  truth  of  his  results;   especiaDj     ^ 
taking  into  account  how  entirely  unlimited  is  his  original  hypotheaia.      ; 

It  is  one  of  the  most  curious  results  of  this  investigation  that    . 
according  to  the  most  simple  meaning  which  we  can  give  to  the  teni    ;. 
^  pole "  the  earth  has  only  Uco  magnetic  poles ;  that  is,  two  pomts    -^ 
where  the  direction  of  the  magnetic  force  is  vertical.    And  thus  the 
itogonal  curves  may  be  looked  upon  as  deformations  of  the  cnrvai     ., 
deduced  by  Euler  from  the  supposition  of  two  poles,  the  deformation     , 
arising  frt>m  this,  that  the  earth  does  not  contain  a  single  definifee     $ 
magnet,  but  irregularly  diffused  magnctical  elements,  which  still  hate 
collectively  a  distinct  resemblance  to  a  single  magnet    And  instead 
of  Hansteen*s  Siberian  pole,  we  have  a  Siberian  region  in  which  the 
needles  converge ;  but  if  the  apparent  convergence  be  pursued  it  no- 
where comes  to  a  point ;  and  the  like  is  the  case  in  the  Antaictio 
region.    When  the  24  Gaussian  elements  at  any  time  are  known  the 
magnetic  condition  of  the  globe  is  known,  just  as  the  mechanical  con- 
dition of  the  solar  system  is  known,  when  we  know  the  elements  of 
the  orbits  of  the  satellites  and  planets  and  the  mass  of  each.    And 
the  comparison  of  this  magnetic  condition  of  the  globe  at  distant 
periods  of  time  cannot  fail  to  supply  materials  for  future  researches 
and  speculations  with  regard  to  the  agencies  by  which  the  condition 
of  the  earth  is  determined.     The  condition  of  which  we  here  speak 
must  necessarily  be  its  meckanico^hemical  condition,  being  expressed,  as 
it  will  be,  in  terms  of  the  mechanico-chemical  sciences.    The  investi- 
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ftioM  I  hare  been  describing  belong  to  the  mechanical  side  of  the  aab- 
bot  when  philoeophen  have  to  consider  the  causes  of  the  secular 
\  which  are  found  to  occur  in  this  mechanical  condition,  they 
;  £ul  to  be  driven  to  electrical,  that  is,  chemical  agencies  and  laws. 
onlj  allude  to  Gauss's  investigations  respecting  the  Absolute 
of  the  Earth's  Magnetic  Force.  To  determine  the  ratio  of 
the  magnetic  force  of  the  earth  to  that  of  a  known  magnet,  Poisson 
i  to  observe  the  time  of  \ibration  of  a  second  magnet  Tht 
i  of  Gansa,  now  universally  adopted,  consists  in  observing  the 
i  of  eqoilibriom  of  the  second  magnet  when  deflected  by  the  first 
Die  maaner  in  which  the  business  of  magnetic  observation  has  been 
up  by  the  governments  of  our  time  makes  this  by  far  the 
scientific  undertaking  which  the  world  has  ever  seen.  The 
i  will  be  that  we  shall  obtain  in  a  few  years  a  knowledge  of  the 
constitation  of  the  earth  which  otherwise  it  might  have 
nqvired  centuries  to  accumulate.  The  secular  magnetic  changes 
moit  still  require  a  long  time  to  reduce  to  their  laws  of  phenomena, 
ezoepC  observation  be  anticipated  or  assisted  by  some  happy  discovery 
as  to  the  cause  of  these  changes.  But  besides  the  special  gain  tc 
msgnedc  science  by  this  great  plan  of  joint  action  among  the  nations 
of  the  eaith,  there  is  thereby  a  beginning  made  in  the  recognition 
snd  execution  of  the  duty  of  forwarding  science  in  general  by  national 
exertions.  For  at  most  of  the  magnetic  observatories,  meteorological 
observations  arc  also  carried  on;  and  such  observations,  being  far 
iDore  extensive,  systematic,  and  permanent  than  those  which  have 
oioally  been  made,  can  hardly  fail  to  produce  important  additions  to 
science.  But  at  any  rate  they  do  for  science  that  which  nations  can 
do,  and  individuals  cannot ;  and  tlicy  seek  for  scientific  truths  in  a 
manner  suitable  to  the  respect  now  professed  for  science  and  to  the 
progress  which  its  methods  have  made.  Nor  are  we  to  overlook  the 
e&ct  of  such  obser>'ation8  as  means  of  training  men  in  the  pursuit  of 
science.  ^  There  is  amongst  us,"  says  one  of  the  magnetic  observers, 
*^  a  growing  recognition  of  the  importance,  both  for  science  and  for 
practical  life,  of  forming  exact  observers  of  nature.  Hitherto  astro- 
nomy alone  has  afforded  a  very  partial  opportunity  for  the  formation 
of  fine  obseners,  of  which  few  could  avail  tliemselves.  Experience 
has  shown  that  magnetic  observations  may  serve  as  excellent  training 
schools  in  this  respect"  "] 


■  LeUer  of  W.  Weber.  Brit  Aitoe.  JUp,  1846,  p  17. 
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The  variouB  other  circumstances  which  terrestrial  magoetiam  «fri^ 
hibitBi — ^thc  diurnal  and  annual  changes  of  the  position  of  the  oaaxftm^v 
needle; — ^the  lai^cr  secular  change  which  affects  it  in  the  ooune^Ci 
years ; — the  difference  of  intensity  at  different  pkces,  and  other  fiM% 
have  naturally  occupied  philosophers  with  the  attempt  to  det^ndai^ 
both  the  laws  of  the  phenomena  and  their  causes.  But  these  i 
necessarily  depend,  not  upon  laws  of  statical  magnetism,  such  as  1 
have  been  explained  above ;  but  upon  the  laws  by  which  the  fndamn 
tion  and  intensity  of  magnetism  in  different  cases  are  n^^alated}«» 
laws  which  belong  to  a  different  province,  and  are  related  to  a  diffiuwl 
set  of  principles.  Thus,  for  example,  we  have  not  attempted  to 
explain  the  discovery  of  the  laws  by  which  heat  influences  mag- 
netism; and  therefore  we  cannot  now  give  an  account  of  thoas 
theories  of  the  facts  relating  to  terrestrial  magnetism,  which  depeod 
upon  the  influence  of  temperature.  The  conditions  of  excitatioii  of 
magnetism  are  best  studied  by  comparing  this  force  with  other  caaci 
where  the  same  effects  are  produced  by  very  different  apparent  agen- 
cies ;  such  as  galvanic  and  thermo-electricity.  To  the  history  of  these 
we  shall  presently  proceed. 

Conclusion, — The  hypothesis  of  magnetic  fluids,  as  physical  reali- 
ties, was  never  widely  or  strongly  embraced,  as  that  of  electric  fluids 
was.  For  though  the  hypothesis  accounted,  to  a  remarkable  degree 
of  exactness,  for  large  classes  of  the  phenomena,  tlie  presence  of  a 
material  fluid  was  not  indicated  by  &cts  of  a  different  kind,  such  as 
the  spark,  the  discharge  from  points,  the  shock,  and  its  mechanical 
effects.  Thus  the  belief  of  a  peculiar  magnetic  fluid  or  fluids  was  not 
forced  upon  men's  minds ;  and  the  doctrine  above  stated  was  probaUy 
wtertained  by  most  of  its  adherents,  chiefly  as  a  means  of  expressing 
the  laws  of  phenomena  in  their  elementary  form. 

One  other  observation  occurs  here.  We  have  seen  that  the  suppo* 
sition  of  a  fluid  ^jnoveable  from  one  part  of  bodies  to  another,  and 
capable  of  accumulation  in  different  parts  of  the  surfJEU^,  appeared  at 
first  to  be  as  distinctly  authorized  by  magnetic  as  by  electric  phenome- 
na; and  yet  that  it  afterwards  appeared,  by  calcuktion,  that  this  must 
be  considered  as  a  derivative  result ;  no  real  transfer  of  fluid  taking 
place  except  within  the  limits  of  the  insensible  particles  of  the  body. 
Without  attempting  to  found  a  formula  of  philosophizing  on  this  dr* 
cumstance,  we  may  observe,  that  this  occurrence,  like  the  disproof  of 
heat  as  a  material  fluid,  shows  the  possibility  of  an  hypothesis  which 
shall  very  exactly  satisfy  many  phenomena,  and  yet  be  incomplete :  it 
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showB^  too,  the  neceeeity  of  bringing  &ct8  of  all  kinds  to  bear  on  the 
hypothesis  ;•  thns,  in  this  case  it  was  requisite  to  take  into  account  the 
fiusta  of  junction  and  separation  of  magnetic  bodies,  as  well  as  their 
attractions  and  repulsions. 

If  we  have  seen  reason  to  doubt  the  doctrine  of  electric  fluids  as 
physical  realities,  we  cannot  help  pronouncing  upon  the  magnetic  fluids 
as  having  still  more  insecure  claims  to  a  material  existence,  even  on 
the  grounds  just  stated.  But  we  may  add  considerations  still  more 
decisive ;  Tor  at  a  further  stage  of  discovery,  as  we  shall  see,  magnetic 
and  electric  action  were  found  to  be  connected  in  the  clof^est  manner, 
so  as  to  lead  to  the  persuasion  of  their  being  different  effects  of  one 
common  cause.  After  those  discoveries,  no  philosopher  would  dream 
of  assuming  electric  fluids  and  magnetic  fluids  as  two  distinct  material 
agents.  Yet  even  now  the  nature  of  the  dependence  of  magnetism 
upon  any  other  cause  is  extremely  difficult  to  conceive.  But  till  we 
have  noticed  some  of  the  discoveries  to  which  we  have  alluded,  we 
cannot  even  speculate  about  that  dependence.  We  now,  therefore, 
proceed  to  sketch  the  history  of  these  discoveries. 


BOOK  XIII. 


MECHANICO'CEEMICAL  SCIENCES. 

(OONTnrUKD.) 


HISTORY  OF  GALVANISM, 


OB 


VOLTAIC  ELECTMCITT. 


Percu888B  gelido  trepidant  sub  pectore  fibne, 
Et  nova  desaetis  subrepens  vita  mednllls 
Miacetnr  morti :  tunc  omnis  palpitat  artng 
renduntur  nenri ;  nee  se  tellore  cadaver 
Faallatim  per  membra  lemt ;  terrftque  lepvlsoBi  cii 
Krectomqne  simnl.  lucah.  vi.  752. 

The  form  which  lay  before  inert  and  dead, 
Sadden  a  piercing  thrill  of  change  o'erspread ; 
Betoming  life  gleams  in  the  stony  face, 
The  fibres  quiver  and  the  sinews  brace, 
Move  the  stiff  limbs ;— nor  did  the  body  rise 
With  tempered  strength  which  genial  life  supplies, 
But  upright  starting,  its  full  stature  held. 
As  though  the  earth  the  supine  oorse  repelled. 


CHAPTER  I. 

DiscovEBT  OF  Voltaic  Electricity. 

t|7£  have  giren  the  name  of  mechanka-chemical  to  the  class  of 
''  adences  now  under  oar  consideration ;  for  these  sciences  are  con- 
vened with  cases  in  which  mechanical  effects,  that  is,  attractions  and 
lepokwDs,  are  produced ;  while  the  conditions  under  which  these 
dfccti  occuTy  depend,  as  we  shall  hereafter  see,  on  chemical  relations, 
b  thst  branch  of  these  sciences  which  we  have  just  treated  o^  Magnet- 
ira,  the  mechanical  phenomena  were  obvious,  but  their  connexion  with 
chemical  eaiues  was  by  no  means  apparent,  and,  indeed,  has  not  yet 
oome  nnder  our  notice. 

The  subject  to  which  we  now  proceed,  Galvanism,  belongs  to  the 
aime  group,  but,  at  first  fflght,  exhibits  only  the  other,  the  chemical, 
portioii  of  the  features  of  the  class ;  for  the  connexion  of  galvanic  phe- 
nomena with  chemical  action  was  soon  made  ont,  but  the  mechanical 
effects  which  accompany  them  were  not  examined  till  the  examination 
was  required  by  a  new  train  of  discovery.  It  is  to  be  observed,  that  I 
do  not  include  in  the  class  of  mechanical  effects  the  convulsive  motions 
in  the  limbs  of  animals  which  are  occasioned  by  galvanic  action ;  for 
these  movements  are  produced,  not  by  attraction  and  repuLuon,  but  by 
moscDlar  irritability ;  and  though  they  indicate  the  existence  of  a 
peculiar  agency,  cannot  be  used  to  measure  its  intensity  and  law. 

The  various  examples  of  the  class  of  agents  which  we  here  consider, 
—magnetism,  electricity,  galvanism,  electro-magnetism,  thermo-electri- 
city,— differ  from  each  other  principally  in  the  circumstances  by  which 
they  are  called  into  action  ;  and  these  differences  arc  in  reality  of  a 
chemical  nature,  and  will  have  to  bo  considered  when  we  come  to  treat 
of  the  inductive  steps  by  which  the  general  principles  of  chemical 
theory  are  established.  In  the  present  part  of  our  task,  therefore,  wc 
mast  take  for  granted  the  chemical  conditions  on  which  the  excitation 
of  these  various  kinds  of  action  depends,  and  trace  the  history  of  the 
discovery  of  their  mechanical  laws  only.  This  rule  will  much  abridge 
the  account  wc  have  here  to  give  of  the  progress  of  discovery  in  the 
provinces  to  which  I  have  just  referred. 
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r  to  hare  acquired  much  general  knowledge  of  electricity :  Volta, 
I  other  handy  had  labored  at  this  branch  of  knowledge  from  the 
pd  eighteen,  through  a  period  of  nearly  thirty  years ;  and  had  in- 
M  an  dectrophorus  BXid  an  electrical  condenser^  which  showed  great 
[^nmental  skill.  When  he  turned  his  attention  to  the  experiments 
I  bj  Galvani,  he  observed  that  the  author  of  them  had  been  far 
nipriaed  than  he  needed  to  be,  at  those  results  in  which  an 
f  ivlrical  spark  was  produced ;  and  that  it  was  only  in  the  cases  in 
no  inch  apparatus  was  employed,  that  the  observations  could 
jMlj  be  considered  as  indicating  a  new  law,  or  a  new  kind  of  elec- 
fiBtq}  He  soon  satisfied  himself  (about  1794)  that  the  essential  con- 
f*Hr*  of  this  kind  of  action  depended  on  the  metals ;  that  it  is  brought 
into  pbj  most  decidedly  when  two  different  metals  touch  each  other, 
ad  are  connected  by  any  moist  body ; — and  that  the  parts  of  animals 
whidi  had  been  used  discharged  the  office  both  of  such  moist  bodies, 
md  of  very  sensitive  electrometers.  Tlie  animal  electricity  of  Galvani 
va^\  he  observed,  be  with  more  propriety  called  metallic  electricity. 

The  recognition  of  this  agency  as  a  peculiar  kind  of  electricity^  arose 
m  part  peihaps,  at  first,  from  the  confusion  made  by  Galvani  between 
the  cases  in  which  his  electrical  machine  was,  and  those  in  which  it 
Taa  not  employed.  But  the  identity  was  confirmed  by  its  being  found 
that  the  known  difference  of  electrical  conductors  and  non-conductors 
violated  the  conduction  of  the  new  influence.  The  more  exact  deter- 
■ination  of  the  new  &cts  to  those  of  electricity  was  a  succeeding  step 
of  the  progress  of  the  subject. 

The  term  "  animal  electricity"  has  been  superseded  by  others,  of 
vhich  galvanism  is  perhaps  the  most  familiar.  I  think  it  will  appear 
from  what  has  been  said,  that  Volta'a  office  in  this  discovery  is  of  a 
much  higher  and  more  philosopliical  kind  than  that  of  Galvani ;  and 
it  would,  on  this  account,  be  more  fitting  to  employ  the  term  voltaic 
tbctrieity  ;  which,  indeed,  is  very  commonly  used,  especially  by  our 
most  recent  and  comprehensive  writers. 

Yolta  more  fully  still  established  his  claim  as  the  main  originator  of 
iliis  science  by  his  next  step.  When  some  of  those  who  repeated  tlio 
experiments  of  Galvani  had  expressed  a  wish  that  there  was  some 
method  of  multiplying  the  effect  of  this  electricity,  such  as  the  Leyden 
pbial  supplies  for  common  electricity,  they  probably  tliought  theil^ 
wishes  far   from   a  realization.     But  the  voltaic  pile,  which  Volta 


'  Phil.  Trans.  1703,  p.  21.  '  See  Fi§ehcr,  viiL  625. 


HISTOKT  OF  GALV^ilCISM. 

Hi  in  ibti  Phiiosophkal  Trun*actioH9  for    1800,  completely 

L  thb  aspiTsdoQ :  and  Hs^  in  £act>  a  more  important  step  in  the 

I  of  cleotricitT  than  the  Leyden  jar  had  been.     It  buf^  edoce 

Lne  vanoDfr  modifications,  of  which   the  most  importiuit  w» 

noih»«<(i  hy  Cniibhanfcs  ^ho*  substituted  a  trough  for  a  pil^w 

la^l  cA^^the  pinndpJe  orf  the  instrument  was  the  same  ; — acon- 

1  ivpcthk«  0^  the  tripltt  combination  of  two  metaJa  and  a  fluid 

ik^^  fo  «^  to  form  a  circiiit  which  returns  into  itself* 

Azi  i&«Tun^efit  u  capable  of  cansing  efiects  of  great  intcnat^ ; 

kvih  in  tho  production  of  light  and  heat^  and  in  chemied 

But  Hi^  thsoc^rerr  witii  which  we  are  licre  ooncemed,  ia  not 

.r»  and  consequences  of  the  edects^  {which  belong  to  chfr 

b«t  the  analysis  of  the  conditions  under  which  &uch  eSecti 

itvv;  >nd  this  we  may  consider  aa  completed  bj  Volta  at  the 

k  which  we  apeak.  #•     •  i* 
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■■  icfcrred  rather  to  the  discoveries  of  Galrani  than  to  those  of 

Uh:  the  latter  were,  indeed,  hardly  known  in  Franco  till  the  con- 

fHiof  Italy  by  Bonaparte,  in  1801.    France  was,  at  the  period  of 

Im  dinoveries,  separated  from  all  other  countries  by  war,  and  espe- 

(Uf  from  England,*  where  Yolta's  Memoirs  were  published. 

Ik  political  revolutions  of  Italy  affected,  in  very  different  manners, 

li  two  diaooverers  of  whom  we  speak.    Galvani  refused  to  take  an 

Mfc  of  all^;iance  to  the  Cisalpine  republic,  which  the  French  conqueror 

itabUied;   he  was  consequently  stripped  of  all  his  offices;  and 

itfandf  by  the  calamities  of  the  times,  of  most  of  his  relations,  he 

mk  into  poverty,  melancholy,  and  debility.    At  last  his  scientific 

mpirtiliiiiii  induced  the  republican  rulers  to  decree  his  restoration  to 

hspnieaorial  chair;  but  his  chums  were  recognised  too  late,  and  he 

disd  without  profiting  by  this  intended  &vor,  in  1798. 

Yolta,  on  Uie  other  hand,  was  called  to  Paris  by  Bonaparte  as  a 
man  of  science,  and  invested  with  honors,  emoluments,  and  titles. 
The  coDqueror  himself  indeed,  was  strongly  interested  by  this  train 
of  research.*  He  himself  founded  valuable  prizes,  expressly  with  a 
\'ie«  to  promote  its  prosecution.  At  this  period,  there  was  some- 
thing in  this  subject  peculiarly  attractive  to  his  Italian  mind ;  fbr  the 
fint  glimpses  of  discoveries  of  great  promise  have  always  excited  an 
enthusiastic  activity  of  speculation  in  the  philosophers  of  Italy,  though 
zeneralir  accompanied  with  a  want  of  precise  thought  It  is  nar- 
tited*  of  Bonaparte,  that  after  seeing  the  decomposition  of  the  salts 
by  means  of  tlie  voltaic  pile,  he  turned  to  Corvisart,  his  physician,  and 
said,  ^  Here,  doctor,  is  the  image  of  life ;  the  vertebral  column  is  the 
pile,  the  liver  is  the  negative,  the  bladder  the  positive,  pole."  The 
importance  of  voltaic  researches  is  not  less  than  it  was  estimated  by 
Bi>naparte ;  but  the  results  to  which  it  was  to  lead  were  of  a  kind 
ahogether  different  from  those  which  thus  suggested  themselves  to 
Lis  mind.  Tlie  connexion  of  mechanical  and  chemical  action  was  tlie 
first  great  point  to  be  dealt  with ;  and  for  this  purpose  the  laws  of  the 
mechanical  action  of  voltaic  electricity  were  to  be  studied. 

It  will  readily  be  supposed  that  the  voltaic  researches,  thus  begun, 
opened  a  number  of  interesting  topics  of  examination  and  discussion. 
Ihese,  however,  it  docs  not  belong  to  our  place  to  dwell  upon  at 
present ;  since  they  formed  parts  of  the  tlieory  of  the  subject,  which 


*  Bioff.  Univ.,  art.  Volta,  (by  Biot)    *  Becquerel,  IVaiU  dElectr.  t.  i.  p.  107. 
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was  not  completed  till  light  had  been  thrown  upon  it 
quarters.  The  identity  of  galvanism  with  electricity,  for  i 
at  first,  as  we  have  intimated,  rather  conjectored  than 
was  denied  by  Dr.  Fowler,  in  1798 ;  was  suj^Kwed  to  be  i 
Dr.  Wells  two  years  later;  but  was,  still  later,  qneatioqed  hf] 
The  natore  of  the  operation  of  the  pile  was  varionaly 
Yolta  himself  had  obtained  a  view  of  it  which  sacceeding  ; 
confirmed,  when  he  asserted,'  in  1800,  that  it  resembled 
battery  feebly  charged  and  constantly  renewing  its  charge.  Li.| 
snance  of  this  view,  the  common  electrical  action  was,  at  all 
period  (for  instance  by  Ampere,  in  1820),  called  eleeirkal 
while  the  voltuc  action  was  called  the  eUeirieal  current^  or 
moHve  actum.  The  different  effects  produced,  by  increasing  tlie  i 
and  the  number  of  the  plates  in  the  voltaic  trough  were  also  itf 
remarkable.  The  power  of  producing  heat  was  found  to  dqpenl.fp 
the  size  of  the  plates;  the  power  of  producing  chemical  changw^ 
the  other  hand,  was  augmented  by  the  number  of  plates  of  lAtf^ 
the  battery  consisted.  The  former  effect  was  referred  to  the  inrrwuj 
qtiontityy  the  latter  to  the  intensity,  of  the  electric  fluid.  We  wa^ 
tion  these  distinctions  at  present,  rather  for  the  purpose  of  e]q[»]aiQii| 
the  language  in  which  the  results  of  the  succeeding  investigations  ii 
narrated,  than  with  the  intention  of  representing  the  hypotheses  afj 
measures  which  they  imply,  as  clearly  established,  at  the  period  f 
which  we  speak.  For  that  purpose  new  discoveries  were  reqnidli 
which  we  have  soon  to  relate. 


CHAPTER  EL 

DiSOOVKRT  OF  THE  LaWS  OF  THE  MuTUAL  AtTRAOTION  AND  REPUL- 
SION OF  Voltaic  Currekts. — AjipiRs. 

IN  order  to  show  the  place  of  voltaic  electricity  among  the  mechanioo 
chemical  sciences,  we  must  speak  of  its  mechanical  laws  as  sepanX 
from  the  laws  of  electro-magnetic  action ;  although,  in  &ct,  it  was<»i]; 
in  consequence  of  the  forces  which  conducting  voltaic  wires  exert  vpa 
magnets,  that  those  forces  were  detected  which  they  exert  upon  ead 


'  PkiL  IhiHi.  p.  408. 
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oAer.  TbiB  latter  discovery  was  made  by  M.  Ampdre ;  and  the  ^ztr»- 
ofdiimy  rapidity  and  sagacity  with  which  he  caught  the  snggestion  of 
sndb  foroea,  from  the  electro-magnetic  experiments  of  M.  Oersted,  (of 
which  we  shall  q>eak  in  the  next  chapter,)  well  entitle  him  to  be  con- 
■dered  as  a  great  and  independent  discoverer.  As  he  truly  says,^  ^  it 
by  no  means  followed,  that  because  a  conducting  wire  exerted  a  force 
on  a  magnet^  two  conducting  wires  must  exert  a  force  on  each  other 
far  two  pieces  of  soft  iron,  both  of  which  affect  a  magnet,  do  not  affect 
eadi  other."  But  immediately  on  the  promulgation  of  Oersted's  ex- 
jllrimentB,  in  1820,  Ampere  leapt  forwards  to  a  general  theory  of  the 
iketB,  of  which  theory  the  mutual  attraction  and  repulsion  of  conduct- 
ing Tdltaic  wires  was  a  fundamental  supposition.  The  supposition  was 
immediately  verified  by  direct  trial ;  and  the  laws  of  this  attraction 
and  repulsion  were  soon  determined,  with  great  experimental  ingenuity, 
and  a  very  remarkable  command  of  the  resources  of  analysis.  But 
the  experimental  and  analytical  investigation  of  the  mutual  action  of 
voltaic  or  electrical  currents,  was  so  mixed  up  with  the  examination  of 
the  laws  of  electro-magnetism,  which  had  given  occasion  to  the  inves- 
tigalioD,  that  we  must  not  treat  the  two  provinces  of  research  as 
separate.  The  mention  in  this  place,  premature  as  it  might  appear,  of 
the  labors  of  Ampere,  arises  inevitably  from  his  being  the  author  of  a 
beautiful  and  comprehensive  generalization,  which  not  only  included 
the  phenomena  exhibited  by  the  now  combinations  of  Oersted,  but 
also  disclosed  forces  which  existed  in  arrangements  already  fiuniliar, 
ahhon^  tiiey  had  never  been  detected  till  the  theory  pointed  out  how 
they  were  to  be  looked  for. 


CHAPTER  IV. 
Discovmr  of  Elbctro-maonetic  Action. — Osbstxd. 

THB  impulse  which  tiie  discovery  of  galvanism,  in  1791,  and  that 
of  the  voltaic  pile,  in  1800,  had  given  to  the  study  of  electricity  as 
a  mechanical  science,  had  nearly  died  away  in  1820.  It  was  in  that 
year  that  M.  Oersted,  of  Copenhagen,  announced  that  the  conducting 


7%hrie  dei  Phincm,  BUetrodynamigueSt  p.  118. 
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wire  t>f  a  voltaic  circait,  acts  apoa  a  magnetic  needle ;  and  thiu 
called  into  activity  that  endeavor  to  connect  magnetiBm  with 
dtyy  which,  though  apparently  on  many  accounts  so  hopefol,  ] 
hitherto  been  attended  with  no  success.  Oersted  found  that  the  nee 
has  a  tendency  to  place  itself  at  right  angles  to  the  wire ; — a  kind 
action  altogether  diiSerent  from  any  which  had  been  suspected. 
This  observation  was  of  vast  importance ;  and  the  analyab  of  its 


ditions  and  consequences  employed  the  best  philosophers  in  EofiaM 
immediately  on  its  promulgation.  It  is  impossible,  without  great  tjp 
justice,  to  refuse  great  merit  to  Oersted  as  the  author  of  the  disQoni^ 
Wo  have  already  said  that  men  appear  generally  inclined  to  bdiffi 
remarkable  discoveries  to  be  accidental,  and  the  discovery  of  OenM 
has  been  spoken  of  as  a  casual  insulated  experiment^  Tet  Oersted  M 
been  looking  for  such  an  accident  probably  more  carefully  and  peair 
voringly  than  any  other  person  in  Europe.  In  180Y,  he  had  pd|^ 
lished'  a  work,  in  which  he  professed  that  his  purpose  was  ^to  aaoHr 
tain  whether  electricity,  in  its  most  latent  state,  had  any  effect  on  Ihl 
magnet"  And  he,  as  I  know  from  his  own  declaration,  eonndend 
his  discovery  as  the  natural  sequel  and  confirmation  of  lua  ei^ 
researches ;  as,  indeed,  it  fell  in  readily  and  immediately  with 
lations  on  these  subjects  then  very  prevalent  in  Germany.  It  w 
accident  like  that  by  which  a  man  guesses  a  riddle  on  which  his 
has  long  been  employed. 

Besides  the  confirmation  of  Oersted's  observations  by  many  experi- 
mentcrs,  great  additions  were  made  to  his  facts :  of  these,  one  of  tlie 
most  important  was  due  to  Ampere.  Since  the  earth  is  in  &ot  nu^ 
nctic,  the  voltaic  wire  ought  to  be  affected  by  terrestrial  magnetism 
alone,  and  ought  to  tend  to  assume  a  position  depending  on  the 
position  of  the  compass-needle.  At  first,  the  attempts  to  produce 
tliis  effect  failed,  but  soon,  with  a  more  delicate  apparatus,  the  resnlt 
was  found  to  agree  with  the  anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the  subsequent  researches, 
except  so  &r  as  they  are  essential  to  our  great  object,  tlie  progress 
towards  a  general  theory  of  the  subject  I  proceed,  therefore,  imme- 
diately to  the  attempts  made  towards  this  object. 


'  See  BeMling  uebw  Farada^t  Entdeekung,  p.  27.  '  Ampdre,  p.  6». 
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CnAPTER  V. 

DiSCOTERY    OF   TUE   LaWS    OF   ElECTRO-MAGNETIC    AcTION. 

Oy  attempting  to  analyse  the  electro-magnetic  phenomena  obsen'ed 
bf  Oented  and  others  into  their  simplest  forms,  they  appeared,  at 
ktA  at  first  sight,  to  be  different  from  any  mechanical  actions  nvhich 
U  jet  been  obserred.  It  seemed  as  if  the  conducting  wire  exerted  on 
die  pole  of  the  magnet  a  force  which  was  not  attractive  or  repulsive, 
bat  truuverte  ; — not  tending  to  draw  the  point  acted  on  nearer,  or  to 
pob  it  farther  off,  in  the  line  wliich  ronched  from  the  acting  pointy  bat 
n^ng  it  to  move  at  right  angles  to  this  line.  The  forces  appeared  to 
be  ndi  as  Kepler  had  dreamt  of  in  the  infancy  of  mechanical  con- 
cepCkm;  rather  than  such  as  those  of  which  Newton  had  establishod 
Ae  edatence  in  the  solar  system,  and  such  as  he,  and  all  his  succesaors, 
had  Boppoeed  to  be  the  only  kinds  of  force  which  exist  in  nature. 
llic  110C&  polo  of  the  needle  moved  as  if  it  were  impelled  by  a  vortex 
revolving  round  the  wire  in  one  direction,  while  the  south  pole  seemed 
to  be  driven  Ly  an  opposite  vortex.  The  case  seemed  novel,  and 
ahnost  pazadoxical. 

It  was  soon  established  by  experiments,  made  in  a  great  variety  of 
fonna,  that  the  mechanical  action  was  really  of  this  transverse  kind. 
And  a  curious  result  was  obtained,  which  a  little  while  before  would 
have  been  considered  as  altogether  incredible ; — that  this  force  would 
iiTse  a  constant  and  rapid  revolution  C)f  either  of  the  bodies  about  the 
other ; — of  the  conducting  wire  about  the  magnet,  or  of  the  magnet 
aliout  the  conducting  wire.  This  was  effected  by  Mr.  Fararlay  in 
1P21. 

The  laws  which  regulated  the  intensity  of  this  force,  with  reference 
Vi  the  distance  and  postiion  of  the  bodies,  now  naturally  came  to  be 
examined.  MM.  Biot  and  Savart  in  France,  and  Mr.  Barlow  in  Eng- 
land, instituted  such  measures ;  and  satisfied  themselves  that  the  ele- 
mr-ntary  force  followed  the  law  of  magnitude  of  all  known  elementary 
forces,  in  being  inversely  as  the  square  of  the  distance ;  although,  in 
\\<  '-iirection,  it  was  so  entirely  different  from  other  forces.  But  the 
investigation  of  the  laws  of  phenomena  of  the  subject  was  too  closely 
connected  with  the  choice  of  a  mechanical  theor}',  to  be  established 
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previously  and  independently,  as  had  been  done  in  astronomy.  I 
experiments  gave  complex  results,  and  the  analysis  of  these  into  lii 
elementary  actions  was  almost  an  indispensable  step  in  order  to  din 
tangle  their  laws.  We  must,  therefore,  state  the  progress  of  i 
analysis. 


CHAPTER  VI. 
Thxobt  of  Elxotbodtnamical  AonoK. 

AMPEBETS  Thxobt. — ^Nothing  can  show  in  a  morestriking man 
the  adyanced  condition  of  physical  speculation  in  1820,  than  i 
reduction  of  the  strange  and  complex  phenomena  of  electromagnett 
to  a  simple  and  general  theory  as  soon  as  they  were  publiahed,  '. 
stead  of  a  gradual  establishment  of  laws  of  phenomena,  and  of  theot 
more  and  more  perfect,  occupying  ages,  as  in  the  case  of  astronoi 
or  generations,  as  in  the  instances  of  magnetism  and  electricity,  a  I 
months  sn£3ced  for  the  whole  process  of  generalization ;  and  fha  i 
periments  made  at  Copenhagen  were  announced  at  Paris  and  Londi 
almost  at  the  same  time  with  the  skilful  analysis  and  comprehoHB 
inductions  of  Ampere. 

Yet  we  should  err  if  we  should  suppose,  from  the  celerity  «i 
which  the  task  was  executed,  that  it  was  an  easy  one.  There  m 
required  in  the  author  of  such  a  theory,  not  only  those  clear  coooi 
tions  of  the  relations  of  space  and  fbrce,  which  are  the  first  cob 
tions  of  all  sound  theory,  and  a  full  possession  of  the  experimeiM 
but  also  a  masterly  command  of  the  mathematical  arms  by  wU 
alone  the  victory  could  be  gained,  and  a  sagacious  selection  of  pro| 
experiments  which  might  decide  the  &te  of  the  proposed  hypotlwi 

It  is  true,  that  the  nature  of  the  requisite  hypothesis  was  not  dij 
cult  to  see  in  a  certain  yague  and  limited  way.  The  conductin^wj 
and  the  magnetic  needle  had  a  tendency  to  arrange  themselves  at  rig 
angles  to  one  another.  *  This  might  be  represented  by  supposing  t 
wire  to  be  made  np  of  transverse  magnetic  needles,  or  by  supporii 
the  needle  to  be  made  up  of  transverse  conducting-wires ;  for  it  n 
easy  to  conceive  forces  which  should  bring  corresponding  elemen 
either  magnetic  or  voltaic,  into  parallel  positions;  and  then  the  gei 
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,it|kBOiiiena  abore  stated  would  be  acconnted  for.    And  the  choice 

ktoHB  the  tiro  modes  of  conceptioii,  appeared  at  first  sight  a  matter 
^  tf  adiffereiice.     The  majority  of  philosophers  at  first  adopted,  or  at 

lit  employed,  the  former  method,  as  Oersted  in  Germany,  Berselins 
■  Sveden,  Wollaston  in  England. 

Ampere  adopted  the  other  view,  according  to  which  the  magnet  is 
■ide  up  of  conducting-wires  in  a  transverse  position.  Bat  he  did  for 
ka  hypothesis  what  no  one  did  or  could  do  for  the  other :  he  showed 
tkit  it  was  the  only  one  which  would  account,  without  additional 
mi  tthitrary  suppositions,  for  the  &ct8  of  continued  motion  in  electro- 
oagnetie  cases.  And  he  further  elevated  his  theory  to  a  higher  rank 
of  generality,  by  showing  that  it  explained, — not  only  the  action  of 
s  ooadocting-wire  upon  a  magnet,  but  also  two  other  classes  of  facts, 
ifaady  spoken  of  in  this  history,— the  action  of  magnets  upon  each 
tAetj    and  the  action  of  conducting-wires  upon  each  other. 

The  deduction  of  such  particular  cases  fix>m  the  theory,  required, 
M  may'  eauly  be  imagined,  some  complex  calculations :  but  the  dedno- 
tioB  being  satisfactory,  it  will  bo  seen  that  Ampere^s  theory  conformed 
to  tkafc  description  which  we  have  repeatedly  had  to  point  out  as  the 
oanal  character  of  a  true  and  stable  theory ;  namely,  that  besides  ac- 
conatiBg  for  the  class  of  phenomena  whidi  suggested  it,  it  supplies  an 
anforeaeen  explanation  of  other  known  facts.  For  the  mutual  action 
of  nu^DeCa,  which  was  supposed  to  be  already  reduced  to  a  satis&ctoiy 
theoretical  form  by  Coulomb,  was  not  contemplated  by  Ampdre  in  the 
imnation  of  his  hypothesis ;  and  the  mutual  action  of  voltaic  currents, 
though  tried  only  in  consequence  of  the  suggestion  of  tlio  theory,  was 
dearly  a  fact  distinct  from  electromagnetic  action ;  yet  all  Uiesc  facts 
flowed  alike  from  the  theory.  And  thus  Ampere  brought  into  view  a 
class  of  forces  for  which  the  term  "  electromagnetic  "  was  too  limited, 
and  which  he  designated^  by  the  appropriate  term  electrodynamie ; 
distingoishing  them  by  this  expression,  as  the  forces  of  an  electric 
nrmtl,  from  the  statical  effects  of  electricity  which  we  had  formerly 
to  treat  ofl  This  term  has  passed  into  conmion  use  among  scientific 
writera,  and  remains  the  record  and  stamp  of  the  success  of  the  Am- 
perian  induction. 

The  first  promulgation  of  Ampere's  views  was  by  a  communication 
to  the  French  Academy  of  Sciences,  September  the  18th,  1820 ;  Oer- 
4ed'a  discoveries  having  reached  Paris  only  in  the  preceding  July. 


*  Ani^  d$  Chim,,  torn.  zx.  p.  60  (182S). 
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At  almost  every  meeting  of  the  Academy  daring  the  ramaindBr  «fe:^ 
that  year  and  the  beginning  of  the  following  one,  he  bad 
lopementa  or  new  confirmations  of  bis  theory  to  announce.  Hie  ] 
hypothetical  part  of  his  theory, — ^the  proposition  that  magnets  : 
be  considered  in  their  effects  as  identical  with  i^iral  voltaio ' 
rbe  asserted  from  the  very  first  The  mutoal  attraction  and  xepnUflm  t,^ 
of  voltaic  wires, — the  laws  of  this  action, — ^the  dednction  of  tfie  eb*  jy 
served  facts  from  it  by  calculation, — the  determination,  by  new  eipsi* ..« 
riments,  of  the  constant  quantities  which  entered  into  his  formnl^^  ,« 
followed  in  rapid  succession.  The  theory  must  be  briefly  staled,  h  «;^ 
had  already  been  seen  that  parallel  voltaic  currents  attracted  nmk  ^^ 
other ;  when,  instead  of  being  parallel,  they  were  situate  in  any  &gt^  «^ 
tions,  they  still  exerted  attractive  and  repulsive  forces  depending  on 
the  distance,  and  on  the  directions  of  each  element  of  both  camslL  ^^ 
Add  to  this  doctrine  the  hypothetical  constitution  of  magnetic  namdyi  : 
that  a  voltaic  current  runs  round  the  axis  of  each  particle,  and  we  , 
have  the  means  of  calcnlating  a  vast  variety  of  results  which  may  be  , 
compared  with  experiment  But  the  laws  of  the  elementaiy  fortes  , 
required  further  fixation.  What  functions  are  the  forces  of  thA  dis- 
tance and  the  directions  of  the  elements  ? 

To  extract  fi^m  experiment  an  answer  to  this  inquiry  was  fiff  fbom 
easy,  for  the  elementary  forces  were  mathematically  connected  with 
the  oliservcd  &ct8,  by  a  double  mathematical  int^ration; — a  long^ 
and,  while  the  constant  coefficients  remained  undefined,  hardly  a  pos- 
sible operation.  Ampere  made  some  trials  in  this  way,  but  his  hap- 
pier genius  suggested  to  him  a  better  path.  It  occurred  to  hioo,  that 
if  his  integrals,  without  being  specially  found,  could  be  shown  to 
vanish  upon  the  whole,  under  certain  conditions  of  the  problem,  this 
circumstance  would  correspond  to  arrangements  of  his  appanitna  in 
which  a  state  of  equilibrium  was  preserved,  however  tlio  form  of  some 
of  the  parts  might  be  changed.  He  found  two  such  cases,  which 
were  of  great  importance  to  the  theory.  The  first  of  these  caaea 
proved  that  the  force  exerted  by  any  element  of  the  voltaic  win 
might  be  resolved  into  other  forces  by  a  theorem  resembling  the  well- 
known  proposition  of  tlio  parallelogram  of  forces.  This  was  proved 
by  showing  that  the  action  of  a  straight  wire  is  the  same  with  that  of 
another  wire  which  joins  the  same  extremities,  but  is  bent  and  con- 
torted in  any  way  whatever.  But  it  still  remained  necessary  to  deter- 
mine two  fundamental  quantities ;  one  which  expressed  the  power  of 
the  distance  according  to  which  the  force  varied ;  the  other,  the  de- 
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pM  n  which  the  force  is  affected  by  tbe  obliquity  of  the  elements. 

Cbof  the  general  causes  of  equilibrium,  of  ^rhicb  we  have  spoken, 

fm  I  relatioD  between  these  two  quantities ;'  and  as  the  power  was 
Ivj  and,  aa  it  afterwards  appeared,  rightly  conjectured  to  be  the 
square,  the  other  quantity  also  was  determined;  and  the 
problem  of  electrodynamical  action  was  fully  solved. 

If  Amp^  had  not  been  an  accomplished  analyst,  ho  would  not 
faffe  been  able  to  discover  the  condition  on  which  the  nullity  of  the 
■Iflgiml  in  this  case  depended.'  And  throughout  his  labors,  we  find 
msoD  to  admire,  both  his  mathematical  skill,  and  his  steadiness  of 
Ikvigiit;  although  these  excellences  are  by  no  means  accompanied 
tkroo^NNit  with  corresponding  clearness  and  elegance  of  exposition  in 
hiswritiiigB. 

ReBtpHaM  of  AmpMs  Theory. — Clear  mathematical  conceptions, 
sad  some  familiarity  with  mathematical  operations,  were  needed  by 
readen  also,  in  order  to  appreciate  the  evidence  of  the  theory ;  and, 
therdore,  we  need  not  feel  any  surprise  if  it  was,  on  its  publication 
and  estaUishment,  hailed  with  far  less  enthusiasm  than  so  remarkable 
a  tmmph  of  generalizing  power  might  appear  to  desenrc.  For  some 
time,  indeed,  the  greater  portion  of  the  public  were  naturally  held  in 
gqqpgtue  by4he  opposing  weight  of  rival  names.  The  Amperian 
theory  did  not  make  its  way  without  contention  and  competition. 
Hie  electro-magnetic  experiments,  from  tlieir  first  appearance,  gave  a 
'rlear  promise  of  some  new  and  wide  generalization ;  and  held  out  a 
priie  of  honor  and  fame  to  him  who  should  be  first  in  giving  the 
right  interpretation  of  the  riddle.  In  France,  the  emulation  for  such 
reputation  is  perhaps  more  vigilant  and  anxious  than  it  is  elsewhere ; 
ind  we  see,  on  this  as  on  other  occasions,  the  scientific  host  of  Paris 
springing  upon  a  new  subject  with  an  impetuosity  which,  in  a  short 
:ime,  runs  into  controversies  for  priority  or  for  victor}-.  In  this  case, 
M.Biot,  as  well  as  Ampere,  endeavored  to  reduce  the  electro- magnetic 
p<henomena  to  general  laws.  Tlie  discussion  between  him  and  Am- 
pere tume«i  on  some  points  which  are  curious.  M.  Biot  was  disposed 
to  consider  as  an  elementaiy  action,  the  force  which  an  element  of  a 
voltaic  wire  exerts  upon  a  magnetic  particle,  and  which  is,  as  wc  have 
5«n,  at  right  angles  to  their  mutual  distance ;  and  he  conceived  that 
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the  equal  reaction  which  neceesarily  accompanies  this  action  aels  ops 
positely  to  tlie  action,  not  in  the  same  line,  but  in  a  parallel  Umi  crt 
the  other  extremity  of  the  distance ;  thus  forming  a  primitive  ctrnft^i 
to  use  a  technical  e:|pre8sion  borrowed  fiom  mechanica.  To  flfti 
Ampere  objected,*  that  the  direct  o|^>06ition  of  all  elementaiy  astirii'i 
and  reaction  was  a  universal  and  necessary  mechanical  law.  Br 
showed  too  that  such  a  couple  as  had  been  assumed,  would  follow  m  v 
a  derivative  result  from  his  theory.  And  in  comparing  his  own  Ai^ .) 
ory  with  that  in  which  the  voltaic  wire  is  assimilated  to  a  coUeetfai  . 
of  transverse  magnets,  he  was  also  able  to  prove  that  no  such  ansn- 
hlage  of  forces  acting  to  and  from  fixed  points,  as  the  foroes  of  na^ 
nets  do  act,  could  produce  a  continued  motion  like  that  discovend  If 
Faraday.  This,  indeed,  was  only  the  well-known  demonstratkn  rf 
the  impossibility  of  a  perpetual  motion.  I^  instead  of  a  coUectioii  of 
magnets,  the  adverse  theorists  had  spoken  of  a  magnetic  currmtt^  thif 
might  probably  interpret  their  expressions  so  as  to  explain  the  fiwtit 
that  is,  if  they  considered  every  element  of  such  a  current  as  a  m^ 
net,  and  consequently,  every  point  of  it  as  being  a  north  and  a  soaA 
point  at  the  same  instant  But  to  introduce  such  a  conception  of  a 
magnetic  current  was  to  abandon  all  the  laws  of  magnetic  aelm 
hitherto  established ;  and  consequently  to  lose  all  that  gave  the  hypo- 
thesis its  value.  The  idea  of  an  electric  current,  on  the  other  handf 
was  so  far  from  being  a  new  and  hazardous  assumption,  that  it  bad 
already  been  forced  upon  philosophers  from  the  time  of  Volta;  and 
in  this  current,  the  relation  of  preceding  and  tueatding^  which  neeei^ 
sarily  existed  between  the  extremities  of  any  element,  introduced  thui 
relative  polarity  on  which  the  success  of  the  explanations  of  the  &els 
depended.  And  thus  in  this  controversy,  the  theory  of  Ampere  has  a 
great  and  undeniable  superiority  over  the  rival  hypothe 
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r^  is  not  necessary  to  state  the  various  applications  which  were  soon 
made  of  the  electro-magnetic  discoveries.    But  we  may  notice  one 
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gsfenimpiilw  to  iiw  lobjeet  nttiltf  to  dM 

licm  ihe  infeatioii  of  liie.Leydea  Fhial|Cr  thi 

Iha  itnogdi  of  liwToltaio  eamm  wis  moMimdyto 

ty  the  ddleotkm  piodiioed  in  a  eompimaadle ;  aad 

«M  niihfliad  by  mddng  the  wiie  pflM  TC^^ 

Sekveiggaxv  of  Halle,  was  one  of  the  im 

Lof  elecftRHDigiieli,  that  is,  of  qiiial  tabes  oompoied 
t  hr  eommoa  msgneti,  gave  rise  to  a  ?arietf  of  enriMi 
peeabtioM^  some  of  which  I  shall  hereiAer  meulioii. 
|i){MdAj  [When  a  Toltaic  sppantos  IS  in  action,  there  0(117  be 
be  a  eamnt  of  deetrieitj  ronning  thiooj^  its  farioos 
iniheteit  Hie  force  of  this  comnt  in  farioos 
I  been  made  the  sotject  of  msthwnaticial  infes- 
ikftLOtm^  ThepfobkmisineTeijiespeotsmiilavtothsft 
r  of  heat  tfaioii|^  a  body,  and  tsken  genesaUy,  leads  to  eons- 
of  the  same  kind.  Bot  Dr.  Ohm,  by  Umitfai^  the 
^  Ae  fint  plaee  by  oonditioiis  which  the  nsoal  natovs  and 
ftiB  of  vilWe  affMORslM  sog^^  has  been  able  to  gife  grsst  ifai^^ 
tokis  massmngs.  These  conditions  aie^  the  linear  fbnn  of  flie  con- 
dBSlasi(MrH)Md  thesfesadmessorthededrio  stste.  Forthispait 
tf  Aa  psuHcm  Dr.  Ohm*s  reasonings  are  ss  shnple  and  as  demonstra- 
liie  as  the  dementaiy  pn^KMOtionB  of  Mechanics.  He  formnln  for 
foice  of  a  voltaic  current  to  which  he  is  led  have  been 
Terified  by  others,  especially  Fechner,'  Ganss,*  Lens, 
Isssbi,  PoggendoW;  and  Ponillet 

Among  ourselves,  Mr.  Wheatstono  has  confirmed  and  applied  the 
fiews  of  M.  Ohm,  in  a  Memoir^  On  New  Imtrumenti  and  Proceuet 
far  dHtrmimng  the  Confianti  of  a  Voltaic  Oireuit.  He  there  remarks 
that  the  dear  ideas  of  electromotive  forces  and  resistances,  sabstitated 
bjr  (Mmi  for  the  vagae  notions  of  quantity  and  intensity  which  have 
kag  been  prevalent,  give  sstasfieMStory  explanations  of  the  most  impor- 
tsBt  difBcnlties,  and  eiprem  the  laws  of  a  vast  nnmber  of  phenomena 
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in  fonnnliB  of  remarkable  Bimplichy  and  generality.    In  tfak  ] 
Professor  Wheatstone  describes  an  instroment  which  he  terma  J 
because  it  brings  to  a  common  standard  the  voltaie  correnta  whieh^iM 
compared  by  it    He  generalizes  the  language  of  the  rabject  b]F  iAW 
ploying  the  term  rkeomotor  for  any  apparatos  which  origiii«l«Miii 
electric  current  (whether  voltaic  or  thennoelectric,  Ac.)  and  nlasMiMti 
for  any  instrument  to  measure  the  force  of  such  a  corrent.    It  vpfftlA  n 
that  the  idea  of  constructing  an  instrument  of  the  nature  cf  flti 
Rheostat  had  occurred  also  to  Prof.  Jacobi,  of  St  Petersburg.]         »^  i 
The  galvanometer  led  to  the  discovery  of  another  claas  of  «aai  m  < 
which  the  electrodynamical  action  was  called  into  play,  namely,  Hmm 
in  which  a  circuit,  composed  of  two  metals  only,  became  eleetnHBiy' 
netic  by  heating  one  part  of  it    This  discovery  of  thnrmo'tieeiriDilg 
was  made  by  Professor  Seebeck  of  Berlin,  in  1822,  and  proaeciited  If 
various  persons;  especially  by  Prof.  Cuxnming*  of  Cambridge,  wh% 
early  in  1823,  extended  Ihe  examination  of  this  property  to  mortel 
the  metals,  and  determined  their  thermo-deetric  order.    Bat  aa  than 
investigations  exhibited  no  new  mechanical  effects  of  electromotiit 
forces,  they  do  not  now  farther  concern  us ;  and  we  pass  on,  at  preaeii^ 
to  a  case  in  which  such  forces  act  in  a  manner  different  from  any  of 
those  already  described. 

Discovert  of  DiAMAONsnsM. 

[2nd  Ed.]  [By  the  discoveries  just  related,  a  cylindrical  spiral  cf 
wire  through  which  an  electric  current  is  passing  is  identified  with  a 
magnet ;  and  the  effect  of  such  a  spiral  is  increased  by  placing  in  it  a 
core  of  soft  iron.  By  the  use  of  such  a  combination  under  the  inflnenoa 
of  a  voltaic  battery,  magnets  are  constructed  &r  more  powerlol  than 
those  which  depend  upon  the  permanent  magnetism  of  iron.  The 
electro-magnet  employed  by  Dr.  Faraday  in  some  of  his  experimenti 
would  sustain  a  hundred-weight  at  either  end. 

By  the  use  of  such  magnets  Dr.  Faraday  discovered  that,  besides 
iron,  nickel  and  cobalt,  which  possess  magnetism  in  a  high  degree,  maoj 
bodies  are  magnetic  in  a  slight  degree.  And  he  made  the  further  veiy 
important  discovery,  that  of  those  substances  which  are  not  mag- 
netic, many,  perhaps  all,  possess  an  opposite  property,  in  virtue  of 
which  ho  terms  them  diamagnetic.    The  opposition  is  of  this  kind ; — 
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tbeniBdfiMinMii 
And  ^  tandfln^  ki 
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i«m  flttracieU  to  tha  poles  of  a  BHipiet^  diamagnetao  boditi  ..$n 
irom  Uie  poJes*    The  list  of  ditni^giietie  bodkt  iiudndti  all 
i«f«alMtonoes;  not  oIUymeUl^walltiInoa79bi■n1lil^gQl^ 

»  bat  many  cr)^atal£f  gb^  ldioqiliOfii%iB4[»hiir|fNigia^glia% 

and  even  flesh  and  &nii 

i  thfti  M,  U  Jkilli  had  Bhofvn,  in.  18M»  tbftfc  bolh  kMonyi 
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ilbntbe  had  tend  a  needle  of  wood  plaee  iMf  fandU 

k;4f  a  gahranoaetflr.  Hiia  he  fefenwLlo  ji  nn^^etiai 

iJodialeqttk    B«t  kedoee  not  leine  the  phanomnnfto 

aotioninor.  ehow  that  ibegr  aae  oommonta  an 

of  bodieii  nor  distingiuih  this  diamngnetiffi  Awn  the 

,  aa  Euaday  hae  taof^  Qi  to  do. 

IdoneidMl  i^on  the  peeiriw jdienonienaitf  eofqpec  whiehyin 

theaaaia  eeriee  of  reaeaicheei  are  tiaced  by  Dr.  Faraday  to  the  com- 

Uaed  cffeei  of  its  diamagnetic  character,  and  the  electric  carrentB 

in  it  by  the  electio-magnet;  nor  to  the  optical  phenomena 

L  bj  certain  transparent  diamagnetic  substances  under  electric 

aa  already  stated  in  Booh  ix.*] 
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rr  was  deariy  established  by  Ampere,  as  we  hare  seen,  that  mag- 
aetie  action  is  a  peculiar  form  of  electromotive  actionsi  and  that,  in 

•Btethe  TWnlMiAiSSnteqf  J^p«rJBMii<aiJ2to^^  reed  to 
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this  kind  of  agency,  action  and  reaction  are  equal  and  <^ppoate.  if 
appeared  to  follow  almost  irresistibly  from  these  oonsidOTBtionii  dft 
magnetism  might  be  made  to  produce  electricity,  as  eleetrici^  tvA 
be  made  to  imitate  all  the  eflfects  of  magnetism.  Yet  for  a  loi^  tfek 
the  attempts  to  obtain  such  a  result  were  fruitless.  Faraday,  in  18il| 
endeavored  to  make  the  conducting-wire  of  the  Toltaic  circuit  artM 
electricity  in  a  neighboring  wire  by  induction,  as  the  conductor  chtfgll 
with  common  electricity  would  have  done,  but  he  obtained  no  mMk 
effect  K  this  attempt  had  succeeded,  the  magnet,  which,  for  all  wtfk 
purposes,  is  an  assemblage  of  voltaic  circuits,  might  also  have  betf 
made  to  excite  electricity.  About  the  same  time,  an  experiment  tm 
made  in  France  by  M.  Arago,  which  really  involved  the  effect  AM 
sought ;  though  this  effect  was  not  extricated  from  the  complex  pto 
nomcnon,  till  Faraday  began  his  splendid  career  of  discovery  on  ttA 
subject  in  1832.  Arago*s  observation  was,  that  the  rapid  revoludel 
of  a  conducting^plate  in  the  neighborhood  of  a  magnet,  gave  rise  to  I 
force  acting  on  the  magnet  In  England,  Messrs.  Bariow  and  Chrifllh| 
Herschel  and  Babbage,  repeated  and  tried  to  analyse  this  experimentl 
but  referring  the  forces  only  to  conditions  of  space  and  time,  and  over 
looking  the  real  cause,  the  electrical  currents  produced  by  the  motioB 
these  philosophers  were  altogether  unsuccessful  in  their  labors.  Ii 
1631,  Faraday  again  sought  for  electro-dynamical  induction,  and  afta 
some  futile  trials,  at  last  found  it  in  a  form  different  from  that  in  whid 
he  had  looked  for  it  It  was  then  seen,  that  at  the  precise  time  ol 
making  or  breaking  the  contact  which  closed  the  galvanic  circuit,  f 
momentary  effect  was  induced  in  a  neighboring  wire,  but  disappearec 
instantly.^  Once  in  possession  of  this  fact,  Mr.  Faraday  ran  rapidly  iq 
the  ladder  of  discovery,  to  the  general  point  of  view, — Instead  of  sod 
deidy  making  or  breaking  the  contact  of  the  inducing  circuit,  a  simiUu 
effect  was  produced  by  removing  the  inducible  wire  nearer  to  or  for 
ther  from  Uie  circuit ;" — the  effects  were  increased  by  the  proximity  d 
soft  iron ;' — when  the  soft  iron  was  affected  by  an  ordinary  magne 
instead  of  the  voltaic  wire,  the  same  effect  still  recurred  ;* — and  thni 
it  appeared,  that  by  making  and  breaking  magnetic  contact,  a  momen 
tary  electric  current  was  produced.  It  was  produced  also  by  moving 
the  magnet;*— or  by  moving  the  wire  with  reference  to  the  magnet 
Finally,  it  was  found  that  the  earth  might  supply  the  place  of  a  magnei 
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if^ 


aiii  tiMnnen  modoii  of  a  wive^  ute 

^  prodnoed  m  it»  ft  i^ypeared,  a  momtiitiiy  4dee^ 

I  emioailj  oonffamed  by  flie  venlte  fat  ipe- 

Jbmf^ufUm&i  Aiago^t  eipeniiMiitB :  for  the  monMntny 

MfMUHMBfcbjr  the  ravolntioii  of  the  plate.    Andwithoet 

l^gMl^  a  mrplving  plate  beeemeaii  eleotricalniaolinie  ;^-«- 

(gWhe  ediOiited  eheto-magnetie  action,^  the  eiroiift  beiig 

I  ia  Ihfa  i^obe  itMif  wfthoQt  the  additkm  of  anj  win  ;--aad  a 

lof  the  wire  of  a  gilvanometer  {nodnoed  an  eleetro-djiia> 

I  ita  needle." 

L  oeeiii%  What  ib  the  geneial  law  whidi  detaniBea 
I  of  aleetKie  eniraili  thw  prodoced  hjr  the  joiDt  eOeefei  of 
nagnetimf  Nothing  Irat  a  peculiar  iteadiiMBi  and  olear- 
eonceptiona  of  ^ace,  could  have  enabled  Mr.  Fttadaj  to 
9W  of  thai  phenomenon.  For  the  question  reqpdred  thatrhe 
)  the  mntnal  rdationa  in  qtace  which  oonnecit  the  mug- 
,  the  poaition  of  flie  wire^  the  direction  of  the  wirA  motieB, 
1  emvent  prodoced  in  it  This  waa  no  eaiy  pmMii.^ 
I  relation  of  the  magnetic  to  the  electric  Ibieei,  the  one 
r  to  the  other,  ia  of  itMlf  anffioient  to  perplev  the 
l;-aB-wn  liaye  aeen  in  the  hiatoiy  of  the  dectrodjrnamical  diio»- 
Bat  Mr.  Faraday  appears  to  have  seised  at  once  the  law  of  the 
^  The  relation,"  he  says,'*  ^  which  holds  between  the 
I  pole,  the  moving  wire  or  metal,  and  the  direction  of  the  cnr- 
■aft  emhred,  is  veiy  simple  (so  it  seemed  to  him)  althoagh  rather  diffi- 
irit  to  aqireas,"  He  represents  it  by  referring  position  and  motion  to 
fta  *  magnetic  cnrves,"  which  go  from  a  magnetic  pole  to  the  oppo- 
ihi  pde.  The  current  in  the  wire  sets  one  way  or  the  other,  according 
Is  die  direction  in  which  the  motion  of  the  wire  cuts  these  curves. 
lad  fhna  he  was  enabled,  at  the  end  of  his  Second  Series  of  MeieareheB 
(Dseeniber,  1831),  to  give,  in  general  terms,  the  law  of  nature  to  which 
■qr  be  referred  the  extraordinary  number  of  new  and  curious  ezperi- 
Mats  which  he  has  stated ;" — ^namely,  that  if  a  wire  move  so  as  to 
flat  a  magnetic  curve,  a  power  is  called  into  action  which  tends  to  nrge 
magnetic  current  through  the  wire ;  and  that  if  amass  move  so  that 
h  parts  do  not  move  in  the  same  direction  across  the  magnetic  curves, 


«8te(NidS«i6s,PAa.2V<miL  p.168.    "Art  141.    ' Art  isa  "Art  164 
■  All  ItL  "  Firrt  Series,  Art  114  "Art  266— S64. 
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and  with  tho  same  angular  Telocity,  electrical  cnnents  are  called  taAt 
play  in  the  maas.  if* 

This  rule,  thus  simple  from  its  generality,  though  ineyitaUy  cMV^ 
plex  in  every  special  case,  may  be  looked  upon  as  supplying  tfb  fli^ 
demand  of  philosophy,  ike  law  <^  the  phenomena  ;  and  aoooidm|^ 
Dr.  Faraday  has,  in  sJl  his  subsequent  researches  on  magneto-daeH^ 
induction,  applied  this  law  to  his  experiments ;  and  haa  thereby  Mf< 
ravelled  an  immense  amount  of  apparent  inconsistency  and  confiMll ' 
for  those  who  have  followed  him  in  his  mode  of  conoeiTii^  fMr 
subject  "X 

But  yet  other  philosophers  have  regarded  these  phenomena  in  odrtT 
points  of  view,  and  have  stated  the  laws  of  the  phenomena  in  a  inflf^ 
ner  different  from  Faraday's,  although  for  the  most  part  equivalertli 
his.  And  these  attempts  to  express,  in  the  most  simple  and  genarti 
fonn,  the  law  of  the  phenomena  of  magneto-electrical  inductioD,  hail 
naturally  been  combined  with  the  expression  of  other  lawa  of  eleetriflil 
and  magnetical  phenomena.  Further,  these  endeavors  to  connect  ivi 
gmenJize  the  Facts  have  naturally  been  clothed  in  the  gaib  o| 
various  Theories : — the  lawa  of  phenomena  have  been  expreoaed  U 
terms  of  the  supposed  caueee  of  the  phenomena;  as  fluidsi  attnetioM 
and  repulsions,  particles  with  currents  running  through  them  or 
round  them,  physical  lines  of  force,  and  the  like.  Such  view%  and 
the  conflict  of  them,  are  the  natural  and  hopeful  prognostica  of  • 
theory  which  shall  harmonize  their  discords  and  include  all  that  eadb 
contains  of  Truth.  The  fermentation  at  present  is  periuqps  too  gnal 
to  allow  us  to  see  dearly  the  truth  which  lies  at  the  bottom.  But  a 
few  of  the  leading  points  of  recent  discussions  on  these  subjecta  will  be 
noticed  in  the  Additions  to  this  volume. 


CHAPTER  IX. 
Transition  to  Chemical  Scisncb. 


THE  preceding  train  of  generalization  may  justly  appear  extensive, 
and  of  itself  well  worthy  of  admiration.  Yet  we  are  to  conrider 
all  that  has  there  been  established  as  only  one-half  of  the  science  to 
which  it  belongs,-*one  limb  of  the  colossal  form  of  Chemistry.    We 
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'  In  isGertained,  we  will  gupposc^  tho  laws  of  Electric  Polarity ;  bat 
iriire  then  to  ask,  What  is  the  relation  of  this  l^olarity  to  Chemical 
Aapoution  ?  This  was  the  great  problem  which,  constantly  present 
li  Hinnninds  of  dectro-chcmical  inquirers,  drew  them  on,  with  the 
iw  of  some  deep  and  comprehensive  insight  into  tlie  mechanism 
tfutnre.  Long  tasks  of  research,  though  only  subsidiary  to  this, 
mn  cfaeerfnllv  undertaken.  Tlius  Faraday^  describes  himself  as 
QOB^ieUed  to  set  about  satisfying  himself  of  tlic  identity  of  common, 
■imal,  and  voltaic  electricity,  as  **  the  decision  of  a  doubtful  point 
wiiich  interfered  with  the  extension  of  his  views,  and  dt'stroyed  the 
iMefciieH  of  reasoning.-'  Ua>ing  established  tliis  identity,  ho  pro- 
ceeded with  his  grand  undertaking  of  electro-chemical  research. 

Tlie  oonnexion  of  electrical  currents  with  chemical  action,  though 
kepC  cot  of  sight  in  the  account  we  have  hiUierto  given,  was  never 
fagotten  by  the  experimenters ;  for,  in  fact,  the  modes  in  which  elec- 
trical currents  were  excitc<1,  were  chemical  actions; — the  action  of 
acidi  and  metals  on  each  other  in  the  voltaic  trough,  or  in  some  other 
fann.  The  dependence  of  tho  electrical  effect  on  these  chemic^ 
actions,  and  still  more,  the  chemical  actions  produced  by  the  agency 
of  the  poles  of  the  circuit,  liad  been  carefully  studied ;  and  we  must 
now  relate  with  what  success. 

Bat  in  what  terms  shall  wo  present  this  narration?  We  have 
spoken  of  chemical  actions, — but  what  kind  of  actions  arc  these  ? 
Demmposition ;  the  resolution  of  compounds  into  their  ingredients; 
the  separation  of  acids  from  bases  ;  the  reduction  of  bodies  to  simple 
dimenU,  Those  names  open  to  us  a  new  drama ;  they  arc  words 
▼liich  belong  to  a  different  set  of  relations  of  things,  a  different  train 
of  Kientific  inductions,  a  different  system  of  generaliziitions,  from  any 
with  which  we  have  hitlierto  been  concerned.  We  must  learn  to 
nii»li:rstand  these  phrases,  before  we  can  advance  in  our  history  of 
haman  knowledge. 

An-l  how  are  we  to  learn  the  meaning  of  this  collection  of  words  ? 
Ir.  what  other  language  shall  it  be  explained  ?  In  what  terms  shall 
*e  .Jefine  these  new  expressions  \  To  this  we  are  conipellod  to  reply, 
that  we  cannot  translate  these  terms  into  any  onlinary  language ; — 
that  we  cannot  define  them  in  any  terms  already  familiar  to  us*.  Here, 
fc  in  all  other  branches  of  knowledge,  the  meaning  of  words  is  to  be 
Si/jght  in  the  progress  of  thought ;  the  history  of  science  is  our  dic- 


'  Dec.  1832.     Eeiearehes,  266. 
Vol.  IL— 17. 


HISTORT  OF  GALVANISM- 

^^Htn^  b«tk  ihrongli  the  successful  i^csearcbcs  of  men  resp 

.«k|]OuDoEt  and  elements  of  bodies^  that  wo  can  Icani  in  m 

;vra»  must  be  undetstood,  so  d£  to  convey  real  knowlc^ 

:iiit  ihey  may  liave  a,  meaning  for  us^  we  miist  inquire  n 

.    iiM^y  had  iu  the  minda  of  the  autLors  of  our  discoveries 

iuijA  we  cannot  advance  a  stepy  till  we  have  brought  up 

>A  t.'hciuii!try  to  the  level  of  our  hutory  of  Electricity  ;- 

kj  stnditJ  the  progress  of  the  analytical^  as  well  a£  the  me* 

ivtict^Sw     We  arc  compelled  to  pause  and  look  baekwards  hi 

liiij^j^^^iifd  in  the  history  of  astronomy,  when  we  arrived  at 

f  iho  j^eat  mechanical  inductions  of  Newton,  and  found  i 

t  truce  the  history  of  Mechanics^  before  we  could  proceed 

Ileal  ABtronomy.    The  terms  "force,  attraction,  merti%  moo 

iout  us  back  into  preceding  centuries  then,  just  as  the  te 

>iiion"  and  ''  element''  send  us  back  now, 

is*  ii  to  a  small  eitent  that  we  have  thus  to  double  back  ti 

t  rtilvance.    Nest  to  AstroDomy,  Chemistry  is  one  of  the  u 

of  scieTices  ; — the  field  of  the  earliest  attempts  of  man  to  c 

nd  nriJL'r>t:iiid  nature.     It  has  held  men  for  centuries  by  a  1 

BOOK   XIV. 
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Soon  had  his  crew 

Opened  into  the  hill  a  spacioxis  wound, 

And  digged  out  ribs  of  gold    .... 

Anon  out  of  the  earth  a  finbric  huge 

Rose  like  an  exhalation,  with  the  sound 

Of  dulcet  symphonies  and  voices  sweet, 

Bnilt  like  a  temple. 

Milton.    Paraim  ImM^  L 


CHAPTER  L 

iMPROvxMxinr  of  the  Notion  of  Chzmioal  Akaltsis,  and  Recogni- 
tion OF  IT  AS  THE  SPAOHUO  ArT. 

THE  doctrine  of  ^  the  four  elements  "  is  one  of  the  oldest  monuments 
of  man's  speculative  natare;  goes  back,  perhaps,  to  times  anterior 
to  Greek  philosophy ;  and  as  the  doctrine  of  Aristotle  and  Galen, 
reigned  for  fifteen  hundred  years  over  the  Gentile,  Christian,  and  Mo- 
hammedan world.  In  medicine,  tanght  as  the  doctrine  of  the  four 
**  elementary  qualities,"  of  which  the  human  body  and  all  other  sub- 
stances are  compounded,  it  had  a  very  powerful  and  extensive  influence 
upon  medical  practice.  But  this  doctrine  never  led  to  any  attempt 
actually  to  analyse  bodies  into  their  supposed  elements :  for  composi- 
tion was  inferred  from  the  resemblance  of  the  qualities,  not  from  the 
separate  exhibition  of  the  ingredients ;  the  supposed  analysis  was,  in 
short,  a  decomposition  of  the  body  into  adjectives,  not  into  substan- 
ces. 

This  doctrine,  therefore,  may  be  considered  as  a  negative  state,  ante- 
cedent to  the  very  beginning  of  chemistry ;  and  some  progress  beyond 
this  mere  negation  was  made,  as  soon  as  men  b^an  to  endeavor  to 
compound  and  decompound  substances  by  the  use  of  fire  or  mixture, 
however  erroneous  might  be  the  opinions  and  expectations  which  they 
combined  with  their  attempts.  Alchemy  is  a  step  in  chemistry,  so  far 
as  it  implies  the  recognition  of  the  work  of  the  cupel  and  the  retort, 
as  the  produce  of  analysis  and  synthesis.  How  perplexed  and  pervert- 
ed were  the  forms  in  which  this  recognition  was  clothed, — ^how  mixed 
up  with  mythical  follies  and  extravagancies,  we  have  already  seen ;  and 
the  share  which  Alchemy  had  in  the  formation  of  any  sounder  know- 
ledge, is  not  such  as  to  justify  any  further  notice  of  that  pursuit 

The  result  of  the  attempts  to  analyse  bodies  by  heat,  mixture,  and  the 
like  processes,  was  the  doctrine  that  the  first  principles  of  things  are 
three,  not  lour ;  namely,  icUt,  sulphur,  and  mercury  ;  and  that,  of  these 
three,  all  things  are  compounded.  In  reality,  the  doctrine,  as  thus 
stated,  contained  no  truth  which  was  of  any  value ;  for,  though  the 
chemist  could  extract  from  most  bodies  portions  which  he  called  salt. 
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MBtencting  and  neutralizing  the  acti\ity  of  the  other.  The  notion 
imA  opposition  and  neutrality  is  applicable  to  a  very  wide  range  of 
iaoad  processes.    The  person  who  appears  first  to  have  steadily 

md  and  generally  applied  this  notion  is  Francis  de  la  Boe  Sylvius ; 

lioiras  bom  in  1614,  and  practised  medicine  at  Amsterdam,  with  a 

MDoesB  and  reputation  which  gave  great  currency  to  his  opinions  on 
ikt  art'  His  chemical  theories  were  propounded  as  subordinate  to 
Ui  medical  doctrines ;  and  from  being  thus  presented  under  a  most 
■portant  practical  aspect,  excited  far  more  attention  than  mere  theo- 
Rtkal  opinions  on  the  composition  of  bodies  could  have  done.  Syhius 
IB  ipoben  of  by  historians  of  science,  as  the  founder  of  the  iatro-che- 
I  met  among  physicians ;  that  is,  the  sect  which  considers  the  dis- 
( in  the  human  frame  as  the  effects  of  chemical  relations  of  the 
Ank,  and  applies  to  them  modes  of  cure  founded  upon  this  doctrine. 
We  have  here  to  speak,  not  of  his  physiological,  but  of  his  chemical 
TiewL 

Hie  distinction  of  acid  and  alkaline  bodies  {acidum^  lixivum)  was 
&nuliar  before  the  time  of  SyU-ius ;  but  he  framed  a  system,  by  con- 
odeting  them  both  as  eminently  acrid  and  yet  opposite,  and  J)y  apply- 
ii^  this  notion  to  the  human  frame.  Thus'  the  lymph  contains  an 
acidy  the  bile  an  alkaline  salt.  These  two  opposite  acrid  substances, 
when  they  are  brought  together,  neutralize  each  other  {infrinffunt)^ 
and  are  changed  into  an  intcnncdiate  and  milder  substance. 

The  progress  of  this  doctrine,  as  a  physiological  one,  is  an  important 
part  of  the  history  of  niedic«il  science  in  the  seventeenth  century ;  but 
with  that  we  are  not  here  concerned.  But  as  a  chemical  doctrine,  this 
Eotion  of  the  opposition  of  acid  an<:l  alkali,  and  of  its  very  general 
Applicability,  struck  deep  root,  and  Las  not  been  eradicated  up  to  our 
own  time.  Boyle,  indeed,  whoso  disposition  led  him  to  suspect  all 
generalities,  expressed  doubts  with  regard  to  this  view ;"  and  argued 
that  the  supposition  of  acid  and  alkaline  parts  in  all  bodies  was  pre- 
oarious  their  offices  arbitrary,  and  the  notion  of  them  unsettled. 
Imlccd  it  was  not  difficult  to  show,  that  there  was  no  one  certain  crite- 
rion to  which  all  supposed  acids  conformed.  Yet  the  general  concep- 
tion of  such  a  combination  as  that  of  acid  and  alkali  was  supposed  to 


'  SprenioroL      Getchichte  der  Arzurykundc,  vol  iv.     Thomson  a  History  of 
Chnniitrv  in  the  corresponding  part  is  translated  from  Sprengel. 
'  Le  Mefhodo  Mcdrndi,  Ainst  1679.     Lib.  ii.  cap.  28,  sects.  8.  and  53. 
*  thaw's  Boyle,  iil  p.  432. 
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be,  served  so  well  to  express  many  chemical  hicia,  that  it  kept  its  groc^: 
It  is  found,  for  instance,  in  Lcmery's  Chemistry^  which  was  one 
those  in  most  general  use  before  the  introduction  of  the  phlo|^^ 
theory.  In  this  work  (which  was  translated  into  English  by  KeoU^  i 
1008)  we  find  alkalies  defined  by  their  efiervescing  with  acids/  Th^ 
were  distinguished  as  the  mineral  alkali  (soda),  the  vegetabU  aUf 
(potassa),  and  the  volatile  alkali  (ammonia).  Again,  in  Mjcipjpl 
Chemistry^  which  was  long  tlio  text-book  in  Europe  during  the 
of  phlogiston,  we  find  acids  and  alkalies^  and  their  unioD,  in 
they  rob  each  other  of  their  characteristic  properties,  and  form 
salts,  stated  among  the  leading  principles  of  the  science.*  ^m 

In  truth,  the  mutual  relation  of  acids  to  alkalies  was  the  moit  4MB 
tial  part  of  the  knowledge  which  chemists  possessed  concemis^  Afll 
The  importance  of  this  relation  arose  from  its  being  the  firat 
form  in  which  the  notion  of  chemical  attraction  or  affinity 
For  the  acrid  or  caustic  character  of  acids  and  alkalies  is,  in 
tendency  to  alter  the  bodies  they  touch,  and  thus  to  alter  JheinaMliB 
and  the  neutral  character  of  the  compounds  in  the  absence  of  my  wd 
proclivity  to  change.  Acids  and  alkalies  have  a  strong  diq[K)6tti0|iiJ 
unite.  They  combine,  often  with  vehemence,  and  produce  neolH 
salts ;  they  exhibit^  in  short,  a  prominent  example  of  the  chendm 
attraction,  or  affinity,  by  which  two  ingredients  are  formed  into  a  eM 
pound.  Tlie  relation  of  acid  and  base  in  a  salt  is,  to  this  day,  odmI 
the  main  grounds  of  all  theoretical  reasonings. 

The  more  distinct  development  of  the  notion  of  such 
attraction,  gradually  made  its  way  among  the  chemists  of  the 
part  of  the  seventeenth  and  the  beginning  of  the  eighteenth  centnqi 
as  we  may  see  in  the  writings  of  Boyle,  Newton,  and  their  foUowfn 
Beccher  speaks  of  this  attraction  as  a  magnetism  ;  but  I  do  not  knov 
that  any  writer  in  particular,  can  be  pointed  out  as  the  person  wb 
firmly  established  the  general  notion  of  chemical  attraction. 

But  this  idea  of  chemical  attraction  became  both  more  clear  aw 
more  extensively  applicable,  when  it  assumed  the  fonn  of  the  doctria 
of  elective  attractions,  in  which  shape  we  must  now  speak  of  it 


*  Lemery,  p.  25.  »  Macqner,  p.  19. 
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CHAPTER  m. 

'  DooTBiNS  OF  Elsotxyb  Attraotionb.    Geoffrot.    Berqmak. 

IVIHOTTQH  the  chemical  combinationB  of  bodies  had  already  been 
-L  referred  to  attraction,  in  a  vagae  and  general  manner,  it  was  im- 
poMttMe  to  ex]dain  the  changes  that  take  place,  without  supposing  the 
sAnwlMm  to  be  greater  or  less,  according  to  the  nature  of  the  body. 
T«l  it  was  some  time  before  the  necessity  of  such  a  supposition  was 
sen.  In  the  history  of  the  French  Academy  for  1718  (pub- 
.  1719),  the  writer  of  the  introductory  notice  (probably  Fonte- 
aeBg)  flays,  *^  That  a  body  which  is  united  to  another,  for  example,  a 
«d?€Ot  which  has  penetrated  a  metal,  should  quit  it  to  go  and  unite 
ilflelf  with  another  which  we  present  to  it,  is  a  thing  of  which  the 
poirilnlity  had  never  been  guessed  by  the  most  subtle  philosophers, 
and  of  whieh  the  explanation  even  now  is  not  easy.**  The  doctrine 
had,  in  &ct)  been  stated  by  Stahl,  but  the  assertion  just  quoted  shows, 
at  leasts  that  it  was  not  fiuniliar.  The  principle,  however,  is  very 
deaiiy  stated^  in  a  memoir  in  the  same  volume,  by  Geoffrey,  a  French 
physician  of  great  talents  and  varied  knowledge.  ^  We  observe  in 
ehemirtry,^  he  says,  ''certain  relations  amongst  different  bodies, 
which  cause  them  to  unite.  These  relations  have  their  degrees  and 
dieir  hw$.  We  observe  their  different  degrees  in  this ; — ^that  among 
diflforent  matters  jumbled  together,  which  have  a  certain  disposition 
to  nnite,  we  find  that  one  of  these  substances  always  unites  constantly 
with  a  certain  other,  preferably  to  all  the  rest.''  He  then  states  that 
those  which  unite  by  preference,  have  ''plus  de  rapport,"  or,  ac- 
oording  to  a  phrase  afterwards  used,  more  affinity,  "And  I  have 
flstiified  myself"  he  adds,  "  that  we  may  deduce,  from  these  observa- 
tions, the  following  proposition,  which  is  very  extensively  true,  though 
I  cannot  enunciate  it  as  universal,  not  having  been  able  to  examine 
all  the  possible  combinations,  to  assure  myself  that  I  should  find  no 
exception."  The  proposition  which  he  states  in  this  admirable  spirit 
of  philosophical  caution,  is  this :  "  In  all  cases  where  two  substances. 


'  JAm.  Aead,  Far.  1718,  p.  202. 
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which  have  any  disposition  to  combine,  are  united ;  if  there  approti^si 
them  a  third,  which  has  more  affinity  with  one  of  the  two,  thk  tf 
unites  with  the  third  and  lets  go  the  other."  He  then  states  tbtf 
affinities  in  the  form  of  a  Table ;  placing  a  substance  at  the  head^ 
each  column,  and  other  substances  in  succession  below  it,  aooQidl||| 
to  the  order  of  their  affinities  for  the  substance  which  stands  at^F 
head.  He  allows  that  the  separation  is  not  always  complete  (u(||h 
perfection  which  he  ascribes  to  the  glutinosity  of  fluids  and  otMf 
causes),  but,  with  such  exceptions,  he  defends  very  resolutely  and  d| 
cessfully  his  Table,  and  the  notions  which  it  implies.  1% 

The  value  of  such  a  tabulation  was  immense  at  the  time,  and  is  mm 
still  very  great ;  it  enabled  the  chemist  to  trace  beforehand  the  i 
of  any  operation ;  since,  when  the  ingredients  were  given,  he  conULi 
which  were  the  strongest  of  the  affinities  brought  into  play,  and,  < 
quently,  what  compounds  would  be  formed.  Geofl^y  himself 
several  good  examples  of  this  use  of  his  tabic.  It  was  speedily  adopt|i 
into  works  on  chemistry.  For  instance,  Macqucr*  places  it  at  the  mi 
of  his  book ;  ^  taking  it,''  as  he  says,  *^  to  be  of  great  use  at  the  end  ol 
an  elementary  tract,  as  it  collects  into  one  point  of  view,  the  moil 
essential  and  fundamental  doctrines  which  arc  dispersed  through  the 
work." 

The  doctrine  oi  Elective  Attractions,  as  thus  promulgated,  contained 
so  largo  a  mass  of  tnith,  that  it  was  never  seriously  shaken,  though  il 
required  further  development  and  correction.  In  particular  the  cdi^ 
brated  work  of  Torbem  Bergman,  professor  at  Upsala,  On  EleeHm 
Attractions,  published  in  1775,  introduced  into  it  material  improfV' 
ments.  Bergman  observed,  that  not  only  the  order  of  attractions,  but 
the  8um  of  those  attractions  which  had  to  form  the  new  compouiidl^ 
must  be  taken  account  o^  in  order  to  judge  of  the  result  Thus,*  if  w« 
have  a  combination  of  two  elements,  P,  s,  (potassa  and  vitriolic  acid), 
and  another  combination,  Z,  fn,  (lime  and  muriatic  acid,)  though  s  hai 
a  greater  affinity  for  P  than  for  Z,  yet  the  sum  of  the  attractions  of  F 
to  m,  and  of  Z  to  «,  is  greater  than  that  of  the  original  compounds,  and 
therefore  if  the  two  combinations  are  brought  together,  the  new  com- 
pounds,  P,  m,  and  L,  «,  are  formed. 

The  Table  of  Elective  Attractions,  modified  by  Bergman  in  punn- 
ance  of  these  views,  and  corrected  according  to  the  advanced  knowledge 
of  the  time,  became  still  more  important  than  before.    The  next  st^ 
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I  to  take  into  accouDt  the  quantities  of  the  elements  which  combined ; 
Imt  this  leads  ns  into  a  new  train  of  investigation,  which  was,  indeed, 
m  natural  sequel  to  the  researches  of  Geoffroy  and  Bergman. 

In  1803,  however,  a  chemist  of  great  eminence,  Berthollet,  published 
m  work  {EsicU  de  Statique  ChinUque)^  the  tendency  of  which  appeared 
to  be  to  throw  the  subject  back  into  the  condition  in  which  it  had  been 
before  Geoffroy.  For  Berthollet  maintained  that  the  rules  of  chemical 
combination  were  not  definite,  and  dependent  on  the  nature  of  the 
sabstances  alone,  but  indefinite,  depending  on  the  quantity  present,  and 
other  circumstances.  Proust  answered  him,  and  as  Berzelius  says,* 
^  Berthollet  defended  himself  with  an  acutcness  which  makes  the  reader 
hesitate  in  his  judgment ;  but  the  great  mass  of  facts  finally  decided 
the  point  in  favor  of  Proust."  Before,  however,  we  trace  the  result  of 
these  researches,  we  must  consider  Chemistry  as  extending  her  inqui- 
ries to  combustion  as  well  as  mixture,  to  airs  as  well  as  fluids  and  solids, 
and  to  weight  as  well  as  quality.  These  three  steps  we  shall  now 
briefly  treat  o£ 


CHAPTER  IV. 

DOCTBINB  OF  AOIDIFIOATIOK  AND  CoMBUSTION. — ^PhLOQISTIO  ThEOBF. 

PUBLICATION  of  the  Theory  hy  Beccher  and  Stahl—li  will  be 
recoUected  that  we  are  tracing  the  history  of  the  progress  only  of 
Chemistry,  not  of  its  errors ; — that  we  are  concerned  with  doctrines 
only  so  &r  as  they  are  true,  and  have  remained  part  of  the  received 
system  of  chemical  truths.  The  Phlogistic  Theory  was  deposed  and 
sacceeded  by  the  Theory  of  Oxygen.  But  this  circumstance  must 
not  lead  us  to  overlook  the  really  sound  and  permanent  part  of  the 
opinions  which  the  founders  of  the  phlogistic  theory  taught  They 
brought  together,  as  processes  of  the  same  kind,  a  number  of  changes 
which  at  first  appeared  to  have  nothing  in  common ;  as  acidification^ 
combustion,  respiration.  Now  this  classification  is  true;  and  its 
importance  remains  undiminished,  whatever  are  the  explanations 
which  we  adopt  of  the  processes  themselves. 

The  two  chemists  to  whom  are  to  be  ascribed  the  merit  of  this  step, 
and  the  establishment  of  the  phlogistic  theory  which  they  connected 
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with  it,  are  John  Joachim  Becchcr  and  Gooige  Ernest  Stahl ;  tht 
former  of  whom  was  professor  at  Menti,  and  physician  to  the  Elealor 
of  Bavaria  (bom  1625,  died  1682) ;  the  latter  was  professor  at  Halk^ 
and  afterwards  royal  physician  at  Berlin  (bom  1660,  died  1784)^ 
These  two  men,  who  thus  contributed  to  a  common  puiposei  w«q|  ^ 
very  different  from  each  other.    The  first  was  a  frank  and  aidsit  ' 
enthusiast  in  the  pursuit  of  chemistry,  who  speaks  of  himself  and  hil 
employments  with  a  communicativene&s  and  affection  botli  ^"^"iJTy 
and  engaging.    The  other  was  a  teacher  of  great  talents  and.  inft^ 
encc,  but  accused  of  haughtiness  and  moroscness ;  a  character  whkliii  ^ 
well  home  out  by  the  manner  in  which,  in  his  writings,  he  anticiiMiss  ^ 
an  un&vorable  reception,  and  defies  it    But  it  is  right  to  add  to  lUi 
that  he  speaks  of  Beccher,  his  predecessor,  with  an  ungrodgiog  aa-  ^ 
knowledgment  of  obligations  to  him,  and  a  vehement  assertion  of  hil  ^ 
merit  as  the  founder  of  the  true  system,  which  give  a  strong  impresaon    ' 
of  Stahl's  justice  and  magnanimity.  ^'^ 

Beccher's  opinions  were  at  first  promulgated  rather  as  a  oarrectiOB   ^ 
than  a  refutation  of  the  doctrine  of  the  three  principles,  salt,  sulphur,    ^ 
and  mercury.    The  main  peculiarity  of  his  views  consists  in  the    ^ 
offices  which  he  ascribes  to  his  sulphur,  these  being  such  as  afte^ 
wards  induced  Stahl  to  give  the  name  of  Phlogiston  to  this  element    ' 
Beccher  had  the  sagacity  to  see  that  the  reduction  of  metals  to  an     ' 
earthy  form  {calx),  and  the  formation  of  sulphuric  acid  from  sulphur, 
are  operations  connected  by  a  general  analogy,  as  being  alike  pro- 
cesses of  combustion.    Hence  the  metal  was  supposed  to  consist  cl  an 
earth,  and  of  something  which,  in  the  process  of  combustion,  was 
separated  from  it ;  and,  in  like  manner,  sulphur  was  supposed  to  con- 
sist of  the  sulphuric  acid,  which  remained  after  its  combustion,  and  of 
the  combustible  part  or  true  sulphur,  which  flew  off  in  the  burning. 
Becchcr  insists  very  distinctly  upon  this  difference  between  hia  ele 
ment  sulphur  and  the  '^  sulphur  "  of  his  Paracclsian  predecessors. 

It  must  be  considered  as  indicating  great  knowledge  and  talent  in 
Stahl,  that  he  perceived  so  clearly  what  part  of  the  views  of  Beccher 
was  of  general  truth  and  permanent  value.  Though  he*  everywhere 
gives  to  Beccher  the  credit  of  the  theoretical  opinions  which  he  pro- 
mulgates, ("Becchcriana  sunt  qu©  profero,")  it  seems  certain  that  he 
had  the  merit,  not  only  of  proving  them  more  completely,  and  apply- 
ing them  more  widely  than  his  foreranner,  but  also  of  conceiving  them 
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vkh  a  distinctness  which  Becchcr  did  not  attain.    In  1697,  appeared 
StahTs  Zymotechnia  FundamentalU  (the  Doctrine  of  Fermentation), 
'■iralqae  ia^erimenium  novum  solphnr  vcram  arte  producendi."    In 
Ak  woric  (besides  other  tenets  which  the  author  considered  as  very 
■portant),  the  opinion  published  by  Beccher  was  now  maintained  in 
I  Toy  distinct  form ; — namely,  that  the  process  of  formiug  sulphur 
km  lolphiiric  acid,  and  of  restoring  the  metals  from  their  calces,  are 
ailogoofl,  and  consist  alike  in  the  addition  of  some  combustible  ele- 
■at,  which  Stahl  termed  phlogiston  (tXo^iVrov,  combustible).    The 
aperiment  most  insisted  on  in  the  work  now  spoken  of,'  was  the  for- 
mkion  of  sulphur  from  sulphate  of  potass  (or  of  soda)  by  fusing  the 
nhwiih  an  alkali,  and  throwing  in  coals  to  supply  phlogiston.    This 
Bdie'esperimentum  novum.*^    Though  Stahl  published  an  account 
of  ihm  process,  he  seems  to  have  regretted  his  openness.    ^  He  denies 
not,"  he  says,  "  that  he  should  peradventure  have  dissembled  this 
ezpoiment  as  the  true  foundation  of  the  Beccherian  assertion  con- 
cerning the  nature  of  sulphur,  if  he  had  not  been  provoked  by  the 
pretending  arrogance  of  some  of  his  contemporaries.'' 

From  this  time,  Stahl's  confidence  in  his  theory  may  be  traced  becom- 
ing more  and  more  settled  in  his  succeeding  publications.  It  is  hardly 
necesouyio  observe  here,  that  the  explanations  which  his  theory  gives 
lie  eafflly  transformed  into  those  which  the  more  recent  theory  supplies. 
According  to  modem  ^iews,  the  addition  of  oxygen  takes  place  in  the 
fonnation  of  acids  and  of  calces,  and  in  combustion,  instead  of  the 
labtzaction  of  phlogiston.  The  coal  which  Stahl  supposed  to  supply 
the  combustible  in  his  experiment,  does  in  fact  absorb  the  liberated 
oxygen.  In  like  manner,  when  an  acid  corrodes  a  metal,  and,  accord- 
ing to  existing  theory,  combines  with  and  oxidates  it,  Stahl  supposed 
that  the  phlogiston  separated  from  the  metal  and  combined  with  the 
acid.  That  the  explanations  of  the  phlogistic  theory  are  so  generally 
capable  of  being  translated  into  the  oxygen  theory,  merely  by  invert- 
ing the  supposed  transfer  of  the  combustible  element,  shows  us  how 
important  a  step  towards  the  modem  doctrines  the  phlogistic  theory 
really  was. 

The  question,  whether  these  processes  were  in  feet  addition  or  sub- 
traction, was  decided  by  the  balance,  and  belongs  to  a  succeeding  period 
of  the  science.  But  we  may  observe,  that  both  Becchcr  and  Stahl 
were  aware  of  the  increase  of  weight  which  metals  undergo  in  calcina- 
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tion ;  although  tho  time  had  not  yet  arrived  in  which  this  £m^  was  to  •"- 
bo  made  one  of  the  bases  of  the  theory.  t- 

It  has  been  said,'  that  in  the  adoption  of  the  phlogistic  theoiy,  thai  >- 
is,  in  supposing  the  above-mentioned  processes  to  be  addition  ndur  'i' 
than  subtraction,  ^  of  two  possible  roads  the  wrong  was  chosen,  as  if  it 
to  prove  the  perversity  of  the  human  mind."    But  we  must  not  fingok  t 
how  natoral  it  was  to  suppose  that  some  part  of  a  body  was  det^rajftd  i 
or  removed  by  combustion ;  and  we  may  observe,  that  the  merit  of 
Beccher  and  Stahl  did  not  consist  in  the  selection  of  one  road  or  tmi'   t 
but  in  advancing  so  far  as  to  reach  this  point  of  separation.    Thal^    i 
having  done  this,  they  went  a  little  further  on  the  wrong  line,  was  an 
error  which  detracted  little  from  the  merit  or  value  of  the  progw 
really  made.    It  would  be  easy  to  show,  from  the  writings  of  phlogistic 
chemists,  what  important  and  extensive  truths  their  theory  enabled 
them  to  express  simply  and  clearly. 

That  an  enthusiastic  temper  is  favorable  to  the  production  of  gietf 
discoveries  in  science,  is  a  rule  which  suffers  no  exception  in  the  cha- 
racter of  Beccher.  In  his  preface*  addressed  "  to  the  benevolent  readei" 
of  his  Physica  Subterranea,  he  speaks  of  the  chemists  as  a  strange 
class  of  mortals,  impelled  by  an  almost  insane  impulse  to  seek  their 
pleasure  among  smoke  and  vapor,  soot  and  flame,  poisous  and  poverty. 
"  Yet  among  all  these  evils,"  he  says,  "  I  seem  to  myself  to  live  so 
sweetly,  that,  may  I  die  if  I  would  change  places  with  the  Pmsiaa 
king."  He  is,  indeed,  well  worthy  of  admiration,  as  oue  of  the  first 
who  pursued  the  labors  of  the  fiimace  and  the  laboratory,  without  the 
bribe  of  golden  hopes.  ''My  kingdom,"  he  says,  ''is  not  of  this 
world.  I  trust  that  I  have  got  hold  of  my  pitcher  by  the  right  handle,— 
the  true  method  of  treating  this  study.  For  the  PseudoehymuU  seek 
gold ;  but  the  true  philosophers^  science,  which  is  more  precious  than 
any  gold." 

The  Physica  Subterranea  made  no  converts.  Stahl,  in  bis  indig- 
nant manner,  says,*  "  No  one  will  wonder  that  it  never  yet  obtained  a 
physician  or  a  chemist  as  a  disciple,  still  less  as  an  advocate."  And 
again,  "This  work  obtained  very  little  reputation  or  estimation,  w, 
to  speak  ingenuously,  as  far  as  I  know,  none  whatever."  In  1671, 
Beccher  published  a  supplement  to  his  work,  in  which  he  showed  how 
metal  might  be  extracted  from  mud  and  sand.    He  offered  to  ezecate 
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thk  at  Vienna ;  but  fonnd  that  people  there  cared  nothing  about  such 
BOfelties.  He  was  then  induced,  by  Baron  D'Isola,  to  go  to  Holland 
Ik  iunilar  purposes.  After  various  delays  and  quarrels,  he  was  obliged 
to  leave  Holland  for  fear  of  his  creditors ;  and  then,  I  suppose,  came 
to  Great  Britain,  where  he  examined  the  Scottish  and  CJomish  mines. 
Ha  li  aaid  to  have  died  in  London  in  1682. 

StahTs  pablications  appear  to  have  excited  more  notice,  and  led  to 
eontroversy  on  the  "  so-called  sulphur."  The  success  of  the  experi- 
Wflt  bad  been  doubted,  which,  as  he  remarks,  it  was  foolish  to  make 
iHtler  of  discussion,  when  any  one  might  decide  the  point  by  expe- 
t;  and  finally,  it  had  been  questioned  whether  the  substance 
[  by  this  process  were  pure  sulphur.  The  originality  of  his 
dodnae  was  also  questioned,  which,  as  he  says,  could  not  with  any 
jutice  be  impngned.  He  published  in  defence  and  development  of 
his  opinion  at  various  intervals,  as  the  Specimen  Becckerianum  in  1708, 
tkft  Documentum  Theorice  Beecheriance,  a  Dissertation  De  Anatomia 
Sufykmris  ArtificidlU  ;  and  finally,  Comal  TkougkU  on  ths  to-called 
Shdpknr^  in  1 71 8,  in  which  he  gave  (in  German)  both  a  historical  and  a 
tfteBStic  view  of  his  opinions  on  the  nature  of  salts  and  of  his  Phlogiston. 

Reeifiiim  and  Application  of  the  Theory, — The  theory  that  the 
foimakioii  of  sulphuric  acid,  and  the  restoration  of  metals  from  their 
caIoe%  are  analogous  processes,  and  consist  in  the  addition  of  phlogis- 
fe«,  was  soon  widely  received ;  and  the  Phlogistic  School  was  tlius 
otiblished.  From  Berlin,  its  original  scat,  it  was  diffused  into  all 
pirts  of  Europe.  The  general  reception  of  the  theory  may  be  traced, 
not  only  in  the  use  of  the  term  "  phlogiston,"  and  of  the  explanations 
vhich  it  implies ;  but  in  the  adoption  of  a  nomenclature  founded  on 
those  explanations,  which,  though  not  very  extensive,  is  sufiicient  evi- 
dence of  the  prevalence  of  the  tlicory.  Thus  when  Priestley,  in  1774, 
discovered  oxygen,  and  when  Scheele,  a  little  later,  discovered  chlo- 
rine, these  gases  were  termed  dephlogisticated  air,  and  dephlogisticat- 
td  marine  acid  ;  while  azotic  acid  gas,  having  no  disposition  to  com- 
bustion, was  supposed  to  be  saturated  with  phlogiston,  and  was  called 
phlopistieated  air. 

This  phraseology  kept  its  ground,  till  it  was  expelled  by  the  anti- 
phlo^stic,  or  oxygen  theory.  For  instance.  Cavendish's  papers  on  the 
chemistry  of  the  airs  are  expressed  in  terms  of  it,  although  his  re- 
searches led  him  to  the  confines  of  the  new  theory.  We  must  now 
give  an  account  of  such  researches,  and  of  the  consequent  revolution 
in  the  science. 
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CcE^iaTRT  or  Qaais. — Black.     CAvJUTDifiH* 

Itudy  of  the  properties  of  aoriform  substaocca,  or  Pneamati 
Itii^try^  as  it  was  called,  ocoupied  the  chamulfi  of  the  eightecnt 
|RTikl  V!a&  the  main  oceaaloa  of  the  grG&i  advances  which  tl 
uaJy  at  that  period.  The  most  materia)  general  truths  whic 
view  in  the  course  of  these  rcftearchea,  were,  that  gai^e*  wej 
liitihcred  among  the  conntitueot  elements  of  aolid  and  dm 
land  that,  in  these,  as  in  all  other  cases  of  composition,  tli 
lid  wi\rt  equal  to  the  sum  of  it*  elements.  The  latter  prop^ 
|m1<v<],  cannot  be  looked  upon  as  a  disoorciy,  for  it  had  Uei 
1}  fLcknowledged,  though  little  applied  \  iu  &et,  it  could  m 
livd  to  with  any  advantage,  till  the  aeriform  clemeDU^  as  we 
voru  taken  into  the  account     Ah  soon  as  this  waa  done, 
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add  gtt).  He  found,  too,  that  magnesia,  caustic  potash,  and  caustic 
nd%  would  combine  with  the  same  air,  with  similar  results.  This  dia- 
tamj  consisted,  of  course,  in  a  new  interpretation  of  observed 
Aages.  Alkalies  appeared  to  be  made  caustic  by  contact  with  quick- 
faie:  at  first  Black  imagined  that  they  underwent  this  change  by 
MjinnDg  Igneous  matter  from  the  quicklime ;  but  when  he  perceived 
Ait  the  b*me  gained,  not  lost,  in  magnitude  as  it  became  mild,  he 
ifjbtly  sappoaed  that  the  alkalies  were  rendered  caustic  by  imparting 
ftw  air  to  the  lime.  This  discovery  was  announced  in  Black's  inau-. 
pal  diHertatioxi,  pronounced  in  1755,  on  the  occasion  of  his  taking 
Ib  dsgiee  of  Doctor  in  the  University  of  Edinburgh. 

Tlw  c&emistry  of  airs  was  pursued  by  other  experimenters.  The 
Hflawahle  Henry  Cavendish,  about  1765,  invented  an  apparatus,  in 
vUA  airial  fluids  are  confined  by  water,  so  that  they  can  be  managed 
sd  aBmuned.  This  hydro-pneumatic  apparatus,  or  as  it  is  sometimes 
dke  pneumatic  inmghj  from  that  time  was  one  of  the  most 
ble  parts  of  the  chemist's  apparatus.  Cavendish,'  in  1766, 
1  the  identity  of  the  properties  of  fixed  air  derived  from  various 
and  pointed  out  the  peculiar  qualities  of  inflammable  air 
(aftenraids  called  hydrogen  gas),  which,  being  nine  times  lighter  than 
common  air,  soon  attracted  general  notice  by  its  employment  for  rais- 
ing baSooDB.  The  promise  of  discovery  which  this  subject  now 
offisred^  attracted  the  confident  and  busy  mind  of  Priestley,  whose  Ex- 
peritnente  and  Observations  on  different  kinds  of  Air  appeared  in 
174i-'79.  In  these  volumes,  he  describes  an  extraordinary  number 
of  trials  of  various  kinds ;  the  results  of  which  were,  the  discovery 
of  new  kinds  of  air,  namely,  phlogisticated  air  (azotic  gas),  nitrous 
(or  (nitrous  gas),  and  dephlogisticated  air  (oxygen  gas). 

But  the  discovery  of  new  substances,  though  valuable  in  supplying 
chemistry  with  materials,  was  not  so  important  as  discoveries  respect- 
ing their  modes  of  composition.  Among  such  discoveries,  that  of 
Cavendish,  published  in  the  Philosophical  Transactions  for  1784,  and 
diickfiing  the  composition  of  water  by  the  union  of  two  gases,  oxygen 
and  hydrogen,  must  be  considered  as  holding  a  most  distinguished 
place.  He  states,*  that  his  ^  experiments  wdVe  made  principally  with 
t  view  to  find  out  the  cause  of  the  diminution  which  common  air  is 
wdl  known  to  suffer,  by  all  the  various  ways  in  which  it  is  phlogisti- 
''atcd."     And,  after  describing  various  unsuccessful  attempts,  he  finds 


»  Phil  Trans,  1766.  Phil  Trans.  1784,  p.  118. 
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that  when  inflammablo  air  is  used  in  this  phlo^sticataon  (or 
the  diminution  of  the  common  air  is  accompanied  by  the  fonoBtiottlll" 
a  dew  in  the  apparatus.*  And  thus  he  infers*  that  "  ahnost  all  1^  "^^ 
inflammablo  air,  and  one-fifth  of  the  conmion  air,  are  tamed  into  poi.V  - 
water."  "  ^ 

Lavoisier,  to  whose  researches  this  result  was,  as  we  shall  sooB  M% 
very  important,  was  employed  in  a  similar  attempt  at  the  same  thii 
(1783),  and  had  already  succeeded,^  when  he  learned  from  Dr.  Blagli^  "^ 
who  was  present  at  the  experiment,  that  Cavendish  had  made  t£a  "^ 
discovery  a  few  months  sooner.  Mouge  had,  about  the  same  tia|4  ^^ 
made  the  same  experiments,  and  communicated  the  result  to  Lavdriv  ^ 
and  Laplace  immediately  afterwards.  The  synthesis  was  lOQli  ^ 
confirmed  by  a  corresponding  analysis.  Indeed  the  discovery  ondoribi-  "^ 
edly  lay  in  the  direct  path  of  chemical  research  at  the  time.  ItwMtif  ' ' 
great  consequence  in  the  \icw  it  gave  of  experiments  in  compoflhioii;  ■- 
for  the  small  quantity  of  water  produced  in  many  such  processeii  had  "* 
been  quite  overlooked ;  though,  as  it  now  appeared,  this  water  offisrcd  ^ 
the  key  to  the  whole  interpretation  of  the  change. 

Though  some  objections  to  Mr.  Cavendish's  view  were  offered  by 
Kirwan,*  on  the  whole  they  were  generally  received  with  assent  and 
admiration.  But  the  bearing  of  these  discoveries  upon  the  new  theory 
of  Lavoisier,  who  rejected  phlogiston,  was  so  close,  that  we  cannot  far- 
ther trace  the  history  of  the  subject  without  proceeding  immediately 
to  that  tlicoiy. 

[2nd  Ed.]     [I  have  elsewhere  stated,* — with  reference  to  recent 
attempts  to  deprive  Cavendish  of  the  credit  of  his  discovery  of  the 
composition  of  water,  and  to  transfer  it  to  Watt, — that  Watt  not  only 
did  not  anticipate,  but  did  not  fully  appreciate  the  discovery  of  Caven- 
dish and  Lavoisier;  and  I  have  expressed  my  concurrence  with  Mr.    ^ 
Venion  Uarcourt's  views,  when  he  says,"  that  "  Cavendish  pared  off 
from  the  current  hypotheses  their  theory  of  combustion,  and  their  afB-    ^ 
nities  of  imponderable  for  ponderable  matter,  as  complicating  chemical     i 
with  physical  considerations ;  and  he  then  corrected  and  adjusted  them 
with  admirable  skill  to  the  actual  phenomena,  not  binding  the  fisu^ts  to 
the  theory,  but  adapting  the  tlicory  to  the  factb." 

I  conceive  that  the  discussion  which  the  subject  has  recently  received, 
has  left  no  doubt  on  the  mind  of  any  one  who  has  perused  the  docn- 


*PAi/.  7Van«.l784,p.l28.  •Ib.pl29.  »  A  P.  1781,  p.  472.  'P.  7!  1784,  p.  154. 
»  Philotophy,  b.  vi.  0.  4.  ^  Addreu  to  the  BrittMh  Auociatum,  1889. 
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ma^  that  Cavendish  is  jostlj  entitled  to  the  honor  of  this  discovery, 
vljeh  in  his  own  time  was  never  contested.  The  publication  of  his 
IjiwiiiIb  of  Experiments"  shows  that  he  succeeded  in  establishing  the 
fokt  in  qaestion  in  July,  1781.  His  experiments  are  referred  to  in  an 
teict  of  a  paper  of  Priestley's,  made  by  Dr.  Maty,  the  secretary  of 
ieBoyal  Society,  in  June,  1783.  In  June,  1783,  also.  Dr.  Blagden 
tMmmucated  the  result  of  Cavendish's  experiments  to  Lavoisier,  at 
KlnL  Watt's  letter,  containing  his  hypothesis  that  "  water  is  com* 
jmtA  of  dephlogisticated  air  and  phlogiston  deprived  of  part  of  their 
htent  or  elementary  heat ;  and  that  phlogisticated  or  pure  air  is  com- 
|Q«ed  of  water  deprived  of  its  phlogiston  and  united  to  elementary  heat 
nd  ^kt,"  was  not  read  till  Nov.  1783 ;  and  even  if  it  could  have  sug- 
gwtod  sach  an  experiment  as  Cavendish's  (which  does  not  appear 
Elefy),  is  proved,  by  the  dates,  to  have  had  no  share  in  doing  sa 

llr.  Cavendish's  experiment  was  suggested  by  an  experiment  in 
vbidi  Warltire,  a  lecturer  on  chemistry  at  Birmingham,  exploded  a 
nutare  of  hydrogen  and  common  air  in  a  close  vessel,  in  order  to 
detenmne  whether  heat  were  ponderable.] 


CnAPTER  VI. 
Epoch  of  the  Theory  of  Oxygen. — Lavoisier. 


Sect.  1,— Prelude  to  ike  Theory. — Its  Publication. 

FI  arrive  now  at  a  great  epoch  in  the  history  of  Chemistry.  Few 
revolutions  in  science  have  immediately  excited  so  much  general 
ii<Ake  as  the  introduction  of  tlic  theory  of  oxygen.  The  simplicity 
and  symmetry  of  the  modes  of  combination  which  it  assumed ;  and, 
above  all,  the  construction  and  universal  adoption  of  a  nomenclature 
which  applied  to  all  substances,  and  which  seemed  to  reveal  their 
inmost  constitution  by  their  name,  naturally  gave  it  an  almost  irresis- 
tible sway  over  men's  minds.  We  must,  however,  dispassionately 
trace  the  course  of  its  introduction. 


Appendix  to  Mr.  V.  Harcourt's  Addreis. 
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Antoino  Laurent  Lavoisier,  an  accomplished  French  chemisti  hai^ 
parsned,  with  xeal  and  skill,  researches  snch  as  those  of  Blacki  Oattti-^ 
dish,  and  PriesUej,  which  we  have  described  above.  In  1774^  It' 
showed  that>  in  the  calcination  of  metals  in  air,  the  metal  aoqnbas'^'^ 
much  weight  as  the  air  loses.  It  might  appear  that  this  discoveqf  il' 
once  overtomed  the  view  which  supposed  the  metal  to  be  phkgfaill^ 
added  to  the  calx.  Lavoisier's  contemporaries  were,  however,  ftrftdb' 
allowing  this ;  a  greater  mass  of  aigument  was  needed  to  bring  flMI|  ^ 
to  this  conclusion.  Convincing  proofs  of  the  new  opinion  wen,  bdfr*^ 
ever,  rapidly  supplied.  Thus,  when  Priestley  had  discovered  < 
gisticated  air,  in  1774,  Lavoisier  showed,  in  1775,  that  fixed  a 
sisted  of  charcoal  and  the  dephlogisticated  or  pure  air ;  for  the  i 
rial  calx  which,  heated  by  itself  gives  out  pure  air,  gives  ont|  whMi 
heated  with  charcoal,  fixed  air,^  which  has,  therefore,  since  been  oaOad 
carbonic  acid  gas. 

Again,  Lavoisier  showed  that  the  atmospheric  air  consists  of  pun  or 
vital  air,  and  of  an  unvital  air,  which  he  thence  called  assot.  The  ntd 
air  he  found  to  be  the  agent  in  combustion,  acidification,  caldnaftkHi, 
respiration ;  all  of  these  processes  were  analogous :  all  consisted  in  a 
decomposition  of  the  atmospheric  air,  and  a  fixation  of  the  pure  or 
vital  portion  of  it. 

But  he  thus  arrived  at  the  conclusion,  that  this  pure  air  was  added, 
in  all  the  cases  in  which,  according  to  the  received  theoiy,  phlogitUm 
was  subtracted,  and  vice  vers(L  He  gave  the  name*  of  oxygen  [prindpt 
oxgghie)  to  ^  the  substance  which  thus  unites  itself  with  metals  to  foim 
their  calces,  and  with  combustible  substances  to  form  acids.** 

A  new  theory  was  thus  produced,  which  would  account  for  all  the 
facts  which  the  old  one  would  explain,  and  had  besides  the  evidence 
of  the  balance  in  its  favor.  But  there  still  remained  some  apparent 
objections  to  be  removed.  In  the  action  of  dilute  acids  on  metalS) 
inflammable  air  was  produced.  Whence  came  this  element!  The 
discovery  of  the  decomposition  of  water  suflBciently  answered  this  ques- 
tion, and  converted  the  objection  into  an  argument  on  the  side  of  the 
theory  :  and  thus  the  decomposition  of  water  was,  in  fact,  one  of  the 
most  critical  events  for  the  fortune  of  the  Lavoisierian  doctrine,  and 
one  which,  more  than  any  other,  decided  chemists  in  its  fiivor.  In 
succeeding  years,  Lavoisier  showed  the  consistency  of  his  theory  with 


•  MhiL  Ae.  Par,  1776.  «  Mtm,  Ac  Par,  1781,  p.  448. 
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d  that  was  discovered  concerning  the  composition  of  alcohol,  oil,  ani- 
■d  and  vegetable  sobstances,  and  many  other  bodies. 

It  18  not  necessary  for  us  to  consider  any  farther  the  evidence  for 
{!■  theory,  bnt  we  most  record  a  few  circumstances  respecting  its 
afier  history.  Bey,  a  fVench  physician,  had  in  1630,  pablished  a 
htkf  in  which  he  inquires  into  the  grounds  of  the  increase  of  tho 
;  of  metaLs  by  calcination.'  He  says,  '*  To  this  question,  then, 
I  on  the  grounds  already  mentioned,  I  answer,  and  maintain 
wA.  confidence,  that  the  increase  of  weight  arises  fix)m  the  air,  which 
k  condemipd,  rendered  heavy  and  adhesive,  by  the  heat  of  the  fumace." 
Oooka  and  Mayow  had  entertained  the  opinion  that  the  air  contains 
m  *  litmis  qpirit,"  which  is  the  supporter  of  combustion.  But  Lavoi- 
mat  diidaimed  the  chaige  of  having  derived  anything  fix)m  these 
mmes ;  nor  is  it  difficult  to  understand  how  the  received  generali- 
atkms  of  the  phlogistic  theory  had  thrown  all  such  narrower  ezplana- 
tiou  into  obscurity.  The  merit  of  Lavoisier  consisted  in  his  combin- 
ing the  generali^  of  Stahl  with  the  verified  conjectures  of  Bey  and 
Ibjow. 

No  one  could  have  a  better  claim,  by  his  early  enthusiasm  for 
fidenee,  his  extensive  knowledge,  and  his  zealous  labors,  to  hope 
tiiat  a  great  discovery  might  fall  to  his  share,  than  Lavoiuer.  His 
£ither,*  a  man  of  considerable  fortune,  had  allowed  him  to  make 
science  his  only  profession  ;  and  tho  zealous  philosopher  collected 
ibout  him  a  number  of  the  most  active  physical  inquirers  of  his  time, 
who  met  and  experimented  at  his  house  one  day  in  the  week.  In  this 
school,  the  new  chemistry  was  gradually  formed.  A  few  years  after 
the  pnblication  of  Pricstlcy's  first  experiments,  Lavoisier  was  struck 
with  the  presentiment  of  tho  theory  which  he  was  afterwards  to  pro- 
duce. In  17  72,  he  deposited*  with  the  secretary  of  the  Academy,  a 
note  which  contained  the  germ  of  his  future  doctrines.  "At  that 
time,^  he  says,  in  explaining  this  step,  "  there  was  a  kind  of  rivalry 
between  France  and  England  in  science,  which  gave  importance  to 
new  experiments,  and  which  sometimes  was  the  cause  that  the  writers 
of  the  one  or  other  of  the  nations  disputed  the  discovery  with  the  real 
author.''  In  1777,  the  editor  of  the  Memoirs  of  the  Academy  speaks 
of  his  theory  as  overturning  that  of  Stahl ;  but  the  general  acceptance 
of  the  new  opinion  did  not  tako  place  till  later. 


'  Thoatton,  BUL  Chem,  u.  95.  *  Biogr.  Uhiv,  (Cuvier.) 

*  Thomfton,  li  99. 
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Sect.  2. — BecepHon  and  Confirmation  of  the  Theory  of  Osffgm.^>^ 

Thx  Oxygen  Theory  made  its  way  with  extraordinary  rapidity  amoi 
the  best  philoeophers.'  In  1785,  that  is,  soon  after  Oaiwodalj 
synthesis  of  water  had  removed  some  of  the  most  formidable  ob 
to  it,  Berthollet^  already  an  eminent  chemist,  declared^ 
convert  Indeed  it  was  so  soon  generally  adopted  in  Erance^  thatlJMi 
croy  promulgated  its  doctrines  under  the  name  of  '^  La  Chimie  Ik|i 
^aise,"  a  title  which  Lavoisier  did  not  altogether  relish.  The  ezllR 
ordinary  eloquence  and  success  of  Fourcroy  as  a  lecturer  at  ll 
Jardin  des  Plantcs,  had  no  small  share  in  the  diffusion  of  the  oxjgi 
theory ;  and  the  name  of  "  the  apostle  of  the  new  chemis^T"  wliii 
was  at  first  given  him  in  ridicule,  was  justly  held  by  him  to  be  a  |^ 
riooB  distinction.* 

Gnyton  de  Morveau,  who  had  at  first  been  a  strenuous  advocate  € 
the  phlogistic  theory,  was  invited  to  Paris,  and  brought  over  to  tk 
opinions  of  Lavoisier ;  and  soon  joined  in  the  formation  of  the  nomei 
clature  founded  upon  the  theory.  This  step,  of  which  we  shall  shiHt] 
speak,  fixed  the  new  doctrine,  and  diffused  it  further.  Delameth«i 
alone  defended  the  phlogistic  theory  with  vigor,  and  indeed  with  iu 
lence.  He  was  the  editor  of  the  Journal  de  Physiqtie^  and  to  end 
the  influence  which  this  gave  him,  the  antiphlogistians*  establishai 
as  the  vehicle  of  their  opinions,  another  periodical,  the  Annalii4 
Chimie, 

In  England,  indeed,  their  success  was  not  so  immediate.  Cavendidi 
in  his  Memoir  of  1784,  speaks  of  the  question  between  the  tw 
opinions  as  doubtful.  ^  There  arc,"  ho  says,  "  several  Memoira  o 
M. Lavoisier,  in  which  he  enturcly  discards  phlogiston;  and  as  nc 
only  the  foregoing  experiments,  but  most  other  phenomena  of  natmn 
seem  explicable  as  well,  or  nearly  as  well,  upon  this  as  upon  the  ecu 
monly  believed  principle  of  phlogiston,"  Cavendish  proceeds  t 
explain  his  experiments  according  to  the  new  views,  expressing  a 
decided  preference,  however,  for  either  system.  But  Ki]%an,  anothi 
English  chemist,  contested  the  point  much  more  resolutely.  Hi 
theory  identified  inflammable  air,  or  hydrogen,  with  phlogiston ;  an 
in  this  view,  he  wrote  a  work  which  was  intended  as  a  confutation  o 


*  Thomioii,  il  18a  *  Oavier,  Slogee,  l  p.  Sa 
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the  esaential  part  of  the  oxygen  theory.  It  is  a  etrong  proof  of 
the  iteadineBs  and  deamesB  with  which  the  advocates  of  the  new 
qrstem  poisessed  their  principles,  that  they  immediately  translated 
tkk  work,  addii^,  at  the  end  of  each  chapter,  a  refutation  of  the 
phlogktic  doctrines  which  it  contained.  Lavoisier,  Berthollet,  De 
Iforreaiit  Foorcrqy,  and  Monge,  were  the  anthers  of  this  cnriom 
ipeoiiiifin  of  scientific  polemics.  It  is  also  remarkable  evidence  of  the 
CBoAor  of  Eirwan,  that  notwithstanding  the  prominent  part  he  had 
tdran  in  the  controversy,  he  allowed  himself  at  last  to  be  convinced. 
After  a  stroggle  of  ten  years,  he  wrote'*  to  Berthollet  in  1796,  **  I 
lay  down  my  arms,  and  abandon  the  cause  of  phlogiston."  Black 
followed  the  same  course.  Priestley  alone,  of  all  the  chemists  of 
great  name,  would  never  assent  to  the  new  doctrines,  though  his  own 
discoveries  had  contributed  so  much  to  their  establishment.  ^He 
aaw,"  says  Cuvier,"  "  without  flinching,  the  most  skilful  defenders  of 
the  ancient  theory  go  over  to  the  enemy  in  succession;  and  when 
Eirwan  had,  almost  the  last  of  all,  abjured  phlogiston,  Priestley  re- 
mained alone  on  the  field  of  battle,  and  threw  out  a  new  challenge,  in 
a  memoir  addressed  to  the  principal  French  chemists."  It  happened, 
carionsly  enough,  that  the  challenge  was  accepted,  and  the  arguments 
answered  by  M.  Adet,  who  was  at  that  time  (1V08,)  the  French  am- 
bassador to  the  United  States,  in  which  country  Priestley's  work  was 
pnUiahed.  Even  in  Germany,  the  birth-place  and  home  of  the  phlo- 
gistic theory,  the  struggle  was  not  long  protracted.  There  was, 
indeed,  a  controversy,  the  older  philosophers  being,  as  usual,  the 
defenders  of  the  established  doctrines ;  but  in  1702,  £[laproth  repeated, 
before  the  Academy  of  Berlin,  all  the  fundamental  experiments ;  and 
**the  resdt  was  a  full  conviction  on  the  part  of  Elaproth  and  the 
Academy,  that  the  Lavoisierian  theory  was  the  true  one."  '*  Upon 
the  whole,  the  introduction  of  the  Lavoisierian  theory  in  the  scientific 
world,  when  compared  with  the  great  revolution  of  opraion  to  which 
it  comes  nearest  in  importance,  the  introduction  of  the  Newtonian 
theory,  shows,  by  the  rapidity  and  temper  with  which  it  took  place,  a 
gieat  improvement,  both  in  the  means  of  arriving  at  truth,  and  in  the 
spirit  vrith  which  they  were  used. 

Some  English  writers"  have  expressed  an  opinion  that  there  was 


»  Pret  to  Fonreroy's  Ohemiitry,  xiv.    "  Ouvier,  Eloge  de  Priestley,  p.  208. 

"  Thomson,  yoL  ii  p.  186. 

^  Bnaid^BiMLJHie,  in  Bne,  Brit,  p,lS%,    Laxm,  Cfhem,dR  Enc,  Met.  ^.59t. 
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little  that  was  original  in  the  new  doctrinea.    But  if  thejr ' 
obviooB,  what  are  wo  to  say  of  eminent  chemistB,  as  Black  and  OiW»  ij^ 
dish,  who  hesitated  when  they  were  presented,  or  Krwan  and  PriMiip  ^^ 
who  rejected  them  ?    This  at  least  shows  that  it  required  woamf^/kkfi 
liar  insight  to  see  the  evidence  of  these  tmths.    To  aay  that  moil  ^  ^i 
the  materials  of  Lavoisier^s  theory  existed  before  him,  la  only  to  ^t$^ «, 
that  his  great  merit  was,  that  which  most  always  be  the  great  maritaj.  ^ 
a  new  theory,  his  generalization.    The  effect  which  the  publioatkft^ft.  , 
his  doctrines  produced,  shows  us  that  he  was  the  first  peraon  iriH|   | 
possessing  clearly  the  idea  of  quantitative  composition,  applied  it  stead 
ily  to  a  great  range  of  well-ascertained  &ct8.    lliis  is,  as  we  have  often 
had  to  observe,  precisely  the  universal  description  of  an  inductive  dis- 
coverer.    It  has  been  objected,  in  like  manner,  to  the  originality  cC 
Newton's  discoveries,  that  they  were  contained  in  those  of  Kephb 
They  were  so,  but  they  needed  a  Newton  to  find  them  there.    Ha 
originality  of  the  theory  of  oxygen  is  proved  by  the  conflict^  short  aa 
it  was,  which  accompanied  its  promulgation ;  its  importance 
by  the  changes  which  it  soon  occasioned  in  every  part  of  the  i 

Thus  Lavoisier,  far  more  fortunate  than  most  of  those  who  had,  in 
earlier  ages,  produced  revolutions  in  science,  saw  his  theoiy  accqptad 
by  all  the  most  eminent  men  of  his  time,  and  established  over  a  greal 
part  of  Europe  within  a  few  years  from  its  first  promulgation.  In  the 
common  course  of  events,  it  might  have  been  expected  that  the  later 
years  of  his  life  would  have  been  spent  amid  the  admiration  and  rev^ 
rence  which  naturally  wait  upon  the  patriarch  of  a  new  system  of  w> 
knowledged  truths.  But  the  times  in  which  he  lived  allowed  no  soch 
euthanasia  to  eminence  of  any  kind.  The  democracy  which  overthrew 
the  ancient  political  institutions  of  France,  and  swept  away  the  nobles 
of  the  land,  was  not,  as  might  have  been  expected,  enthusiaatic  in  ita 
admiration  of  a  great  revolution  in  science,  and  forward  to  offisr  its 
homage  to  the  genuine  nobility  of  a  great  discoverer.  Lavoisier  waa 
thrown  into  prison  on  some  wretched  charge  of  having,  in  the  dia- 
charge  of  a  public  office  which  he  had  held,  adulterated  certain  tobac- 
co ;  but  in  reality,  for  the  purpose  of  confiscating  his  property.^^  In 
his  imprisonment,  his  philosophy  was  his  resource;  and  he  employed 
himself  in  the  preparation  of  his  papers  for  printing.  When  he  was 
brought  before  the  revolutionary  tribunal,  he  begged  for  a  respite  of  a 
few  days,  in  order  to  complete  some  researches,  the  results  of  which 


"*  Biog.  Univ  (Cavier.) 
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wn,  lie  said,  important  to  the  good  of  humanity.  The  bratiBh  idiot, 
^am  the  atste  of  the  country  at  that  time  had  placed  in  the  judg- 
told  him  that  the  republic  wanted  no  89avans.  He  was 
to  the  guillotine,  May  the  8th,  1704,  and  beheaded,  in  the 
year  of  his  age ;  a  melancholy  proof  that,  in  periods  of 
[  ■ferocity,  innocence  and  merit)  private  virtues  and  public  Servi- 
an WBoMe  manners  and  the  love  of  friends,  literary  jGame  and  exalted 
gBn^  are  all  as  nothing  to  protect  their  possessor  from  the  last 
■toemei  of  violence  and  wrong,  inflicted  under  judicial  forms. 

Sect  3. — Nomenclature  of  the  Oxygen  Theory, 

As  ws  liaTe  already  said,  a  powerful  instrument  in  establishing  and 
dilinig  the  new  chemical  theory,  was  a  Systematic  Nomenclature 
iMmded  upon  it,  and  applicable  to  all  chemical  compounds,  which 
vas  soon  constructed  and  published  by  the  authors  of  the  theory. 
Soeh  a  nomenclature  made  its  way  into  general  use  the  more  easily, 
in  that  the  want  of  such  a  system  had  already  been  severely  felt ; 
the  names  in  conmion  use  being  fantastical,  arbitrary,  and  multiplied 
beyond  measore.     The  number  of  known  substances  had  become  so 
gieat^  that  a  list  of  names  with  no  regulative  principle,  founded  on 
ftccident,  caprice,  and  error,  was  too  cumbrous  and  inconvenient  to 
be  tolerated.     Even  before  the   currency  which  Lavoisier's  theory 
obtained,  these  e^-ils  had  led  to  attempts  towards  a  more  convenient 
5rt  of  names.     Bergman  and  Black  had  constructed  sucli  lists ;  and 
Goyton  de  Morveau,  a  clever  and  accoraplished  lawyer  of  Dijon,  had 
fomed  a  system  of  nomenclature  in  1782,  before  he  had  become  a 
convert  to  Lavoisier's  theory,  in  which  task  he  had  been  exhorted  and 
eDcouraged  by  Bergman  and  Macquer.    In  this  system,"  we  do  not 
find  most  of  the  characters  of  tlie  method  which  was  afterwards 
adopted.    But  a  few  years  later,  Lavoisier,  De  Morveau,  Berthollet 
and  Fourcroy,  associated  themselves  for  the  purpose  of  producing  a 
nomenclature  which  should  correspond  to  the  new  theoretical  views. 
Ihis  speared  in  1787,  and  soon  made  its  way  into  general  use.    The 
main  features  of  this  system  are,  a  selection  of  the  simplest  radical 
words,  by  which  substances  are  designated,  and  a  systematic  distribu- 
tion of  terminations,  to  express  their  relations,    llius,  sulphur,  com- 
bined with  oxygen  in  two  different  proportions,  forms  two  acids,  the 


*  Journal  de  Phytiqvs,  1782,  p.  870. 
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golphiuotff  and  the  solphurtc/  and  these  acids  form,  with  earthy  4^ 
alkaline  bases,  sulph»<e«  and  solphate* ;  while  solphnr  directly  eoips 
bined  with  another  element,  forms  a  sulphured.    The  term  osytf  (iilVi 
usually  written  oxide)  expressed  a  lower  degree  of  combination  tPlki 
oxygon  than  the  acids.    The  Mithode  de  NommeUUure  Chin 
published  in  1787;  and  in  1789,  Lavoisier  published  a 
chemistry  in  order  further  to  explain  this  method.    In  the  ] 
this  volume,  he  apologizes  for  the  great  amount  of  the  changes^  iil^ 
pleads  the  authority  of  Bergman,  who  had  exhorted  De  Morvean  *W 
spare  no  improper  names;  those  who  are  learned  will  always  \m 
learned,  and  those  who  are  ignorant  will  thus  learn  sooner.**     To  tUi^ 
maxim  they  so  far  conformed,  that  their  system  offers  few  anonudiaa}' 
and  though  the  progress  of  discovery,  and  the  consequent  changea  if 
theoretical  opinion,  which  have  since  gone  on,  appear  now  to  i 
a  further  change  of  nomenclature,  it  is  no  small  evidence  of  the 
with  which  this  scheme  was  arranged,  that  for  half  a  century  it  watf 
universally  used,  and  felt  to  be  far  more  useful  and  effective  than  waf 
nomenclature  in  any  science  had  ever  been  before. 


CHAPTER  Vn. 
Application  and  Corbection  of  the  Oxtgbn  Thsori. 

SINCE  a  chemical  theory,  as  £Eur  as  it  is  true,  must  enable  ns  to 
obtain  a  true  view  of  the  intimate  composition  of  all  bodies  wbat^ 
ever,  it  will  readily  be  supposed  that  the  new  chemistry  led  to  an 
immense  number  of  analyses  and  researches  of  various  kinds,  lliese 
it  is  not  necessary  to  dwell  upon ;  nor  will  I  even  mention  the  names 
of  any  of  the  intelligent  and  diligent  men  who  have  labored  in  fUi 
field.  Perhaps  one  of  the  most  striking  of  such  analyses  was  Dav/» 
decomposition  of  the  earths  and  alkalies  into  metallic  bases  and  oxy- 
gen, in  1807  and  1808;  thus  extending  still  further  that  analogy 
between  the  earths  and  the  calces  of  the  metals,  which  had  had  so  hrgt 
a  sliare  in  the  formation  of  chemical  theories.  This  discovery,  how- 
ever, both  in  the  means  by  which  it  was  made,  and  in  the  views  to 
which  it  led,  bears  upon  subjects  heroaf^r  to  be  treated  of. 

Tlie  Lavoisicrian  theory  also,  wide  as  was  the  range  of  truth  which 
it  embraced,  required  some  limitation  and  correction.    I  do  not  now 
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peik  of  some  erronconB  opinions  entertained  by  the  author  of  the 
Amy ;  w^  for  instance,  that  the  heat  produced  in  combustion,  and 
««  m  xespiration,  arose  from  the  conversion  of  oxygen  gas  to  a  solid 
WBiteiice,  according  to  the  doctrine  of  latent  heat  Such  opinions 
Mi  being  necessarily  connected  with  the  general  idea  of  the  theory, 
Md  not  here  be  considered.  But  the  leading  generalization  of  La- 
iMHT,  that  acidification  was  always  combination  with  oxygen,  was 
imd  nntenable.  The  point  on  which  the  contest  on  this  subject 
took  place  was  the  constitution  of  the  oxymuriatic  and  muriatic 
aads ; — as  they  had  been  termed  by  BerthoUet,  from  the  belief  that 
nriatic  acid  contained  oxygen,  and  oxymuriatic  a  still  larger  dose  of 
osygen.  In  opposition  to  this,  a  new  doctrine  was  put  forward  in 
1809  by  Gay-Lussac  and  Thenard  in  France,  and  by  Davy  in  Eng- 
\md; — ^namely,  that  oxymuriatic  acid  was  a  simple  substance,  which 
thej  termed  ehlcrine^  and  that  muriatic  acid  was  a  combination  of 
cUorine  with  hydrogen,  which  therefore  was  called  hydrochloric  acid. 
It  may  be  observed,  that  the  point  in  dispute  in  the  controversy  on 
dds  subject  was  nearly  the  same  which  had  been  debated  in  the 
Domrae  of  the  establishment  of  the  oxygen  theory ;  namely,  whether 
in  the  formation  of  muriatic  acid  from  chlorine,  oxygen  is  subtracted, 
Dr  hydrogen  added,  and  the  water  concealed. 

In  the  course  of  tliis  dispute,  it  was  allowed  on  both  sides,  that  the 
combination  of  dry  muriatic  acid  and  aninionia  afforded  an  experimen- 
tviti  crucis  ;  since,  if  water  was  produced  from  these  elements,  oxygen 
nmst  have  existed  in  the  acid.  Davy  being  at  Edinburgh  in  1812, 
tiuB  ex^ieriment  was  made  in  the  presence  of  several  eminent  pliiloso- 
{^Kfs;  and  the  result  was  found  to  be,  that  though  a  slight  dew 
appeared  in  the  vessel,  there  was  not  more  than  might  be  ascribed  to 
mavoidable  imperfection  in  the  process,  and  certainly  not  so  much  as 
the  ok!  theory  of  muriatic  acid  required.  The  new  theory,  after  this 
poiod,  obtained  a  clear  superiority  in  tlie  minds  of  philosophical  che- 
QusU,  and  was  further  supported  by  new  analogies.' 

For,  the  existence  of  one  hydracid  being  thus  established,  it  was 
(band  that  other  substances  gave  similar  combinations ;  and  thus  clie- 
miets  obtained  the  hydriodic^  hydrofluoric^  and  hydrobromic  acids. 
These  acids,  it  is  to  be  observed,  form  salts  with  bases,  in  the  same 
Doaimer  as  the  oxygen  acids  do.  The  analogy  of  the  nmriatic  and 
flaoric  compounds  was  first  clearly  urged  by  a  philosopher  who  was 


'  Paris,  Life  of  Davy,  I  887. 
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not  peculiarly  engaged  in  chemical  Teaearch,  bat  who  was  often  4i^i 
tingoiahed  by  his  rapid  and  happy  generalizationi^  M.  Ampeveii  J/^ 
supported  this  analogy  by  many  ingeniooa  and  original  mmiiiiwilL  ii| 
letters  written  to  Davy,  while  that  chemist  was  engaged  in  biKiS^i 
searches  on  flnor  spar,  as  Davy  himself  declarer*  ^f.  > 

Still  fiirther  changes  have  been  proposed,  in  that  clasaificitiiMf  | 
elementary  substances  to  which  the  oxygen  theory  led.    It  baa  hv , 
held  by  Berzelins  and  others,  that  other  elements,  as,  for 
sulphur,  form  salts  with  the  alkaline  and  earthy  metals,  rather  1 
Bulphurets.    The  character  of  these  sulpho-salts^  however,  iastinf 
tioned  among  chemists ;  and  therefore  it  does  not  become  ns  to  i 
as  if  their  place  in  history  were  settled.    Of  course,  it  will  easily  bt 
understood  that,  in  the  same  manner  in  which  the  oxygen  theory  a- 
troduced  its  own  proper  nomenclature,  the  overthrow  or  material  taa^ 
formation  of  the  theory  would  require  a  change  in  the  nomenclatnn; 
or  rather,  the  anomalies  which  tended  to  disturb  the  theoiy,  would,  aa 
they  were  detected,  make  the  theoretical  terms  be  felt  as  inappropiii^  | 
and  would  suggest  the  necessity  of  a  reformation  in  that  respect  Bat 
the  discussion  of  this  point  belongs  to  a  step  of  the  science  which  ii 
to  come  before  us  hereafter. 

It  may  be  observed,  that  in  approaching  the  limits  of  this  put  d 
our  subject,  as  we  are  now  doing,  the  doctrine  of  the  combination  cf 
acids  and  bases,  of  which  we  formerly  traced  the  rise  and  piugw^ 
is  still  assumed  as  a  fundamental  relation  by  which  other  relations  an 
tested.  This  remark  connects  the  stage  of  chemistry  now  under  our 
notice  with  its  earliest  steps.  But  in  order  to  point  out  the  chemical 
bearing  of  the  next  subjects  of  our  narrative,  we  may  further  observe, 
that  m^talsy  earths^  salts,  are  spoken  of  as  known  classes  of  subetanees; 
and  in  like  manner  the  newly-discovered  elements,  which  form  the  last 
trophies  of  chemistry,  have  been  distributed  into  such  daasea  aeoord* 
ing  to  their  analogies ;  thus  potassium,  sodium,  bariun^  have  been 
asserted  to  bo  metals ;  iodine,  bromine,  fluorine,  have  been  arranged 
as  analogical  to  chlorine.  Yet  there  is  something  vague  and  indefinite 
in  the  boundaries  of  such  classifications  and  analogies ;  and  it  ia  pre- 
cisely where  this  vagueness  falls,  that  the  science  is  still  obecore  or 
doubtful.  We  arc  led,  therefore,  to  see  the  dependence  of  Chemistry 
upon  Classification ;  and  it  is  to  Sciences  of  Classification  which  we 
shall  next  proceed ;  as  soon  as  we  have  noticed  the  moat  general  views 


•  Parii^  Life  o/Da9^,  i  870. 
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i  hare  been  giren  of  chonical  relations,  namely,  the  viewB  of  the 


we  do  thifl,  we  must  look  back  upon  a  law  which  ob- 
II  tbe  eombination  of  elements,  and  which  wo  have  hitherto  not 
;  ahhoQgh  it  appears,  more  than  any  other,  to  reveal  to  ns  the 
eoDrtitiition  <tf  bodies,  and  to  offer  a  basis  for  future  generali- 
I  BpeBk  of  the  Atomic  Theory^  as  it  is  usually  termed ;  or,  as 
rather  call  it,  the  Doctrine  of  Definite,  Reciprocal,  and 
Froportions. 


CHAPTER  Vm. 

ThBOBT  OF  DXTIHITB,  ReOIPBOCAL,  AND  MuLTIPLX  PbOPOBTIOFS. 


iSecl.  1^ — Prelude  to  the  Atomic  Theory^  and  its  Publication  by 

Dalton. 

fllHB  general  laws  of  chemical  combination  announced  by  Mr.  Dalton 
-■-  are  troths  of  the  highest  importance  in  the  science,  and  are  now 
nowhere  contested ;  bnt  the  view  of  matter  as  constituted  of  atoms, 
which  he  has  employed  in  conveying  those  laws,  and  in  expressing  h\» 
opinion  of  their  cause,  is  neither  so  important  nor  so  certain.  In  the 
l^ace  which  I  here  assign  to  his  discovery,  as  one  of  the  great  events 
of  the  history  of  chemistry,  I  speak  only  of  the  law  of  phenomena^ 
the  rules  which  govern  the  quantities  in  which  elements  combine. 

This  law  may  be  considered  as  consisting  of  three  parts,  according 
to  the  above  description  of  it ; — that  elements  combine  in  definite 
proportions ; — that  these  determining  proportions  operate  reciprocally  ; 
— and  that  when,  between  the  same  elements,  several  combining  pro- 
poitions  occur,  they  are  related  as  multiples. 

That  elements  combine  in  certain  definite  proportions  of  quantity, 
and  in  no  other,  was  implied,  as  soon  as  it  was  supposed  that  chemical 
compounds  had  any  definite  properties.  Those  who  first  attempted  to 
establish  regular  formulae  ^  for  the  constitution  of  salts,  minerals,  and 


*  Thomson,  Hitt,  Chem.  vol  ii  p.  279. 
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impounds,  i^auitied,  as  Uic  basb  of  this  pror-^sa,  that  the  de 
u  different  specitnena  had  the  same  proportion*     WentpJ,  r 
uMished  I  lis  Lthre  v<m  dtr  Vertcojulsckn/t  der  Kdrper ;  oi 
("  fff  the  Affinlim  of  Bodiu;  in  which  he  gave  many  g<K*d  Kil 
'    finaljpos,      Ilis  work,  ft  is  said,  never  grew  into  genen 

Ut-TthoUet,  as  we  have  aJroady  stateii,  Tnaintained  that  chem 
pounds  were  not  definite ;  but  this  controversy  took  place  at 
riod.     It  ended  in  the  establishment  of  tho  doctrine,  that  th« 
iach  combinntion,  only  one  proportion  of  the  dements  or  i 
ily  two  or  three. 

>nly  did  A\  enzfl,  by  his  very  attempt,  presume  the  first  law  i 
il  t^amposition^  the  definiteness  of  the  proportionfi,  but  he  wi 
.  by  his  results,  to  the  second  rule,  that  they  are  r&ciproca 
i'uund  that  when  two  neutral  salts  decompose  each  other,  d 
%  splits  are  also  neutrah     The  neutral  character  of  the  sal 
}]:it.  they  arc  definite  compounds ;  and  when  the  two  elemes 
^ne  salt,  P  and  *,  are  presented  to  thoee  of  tlie  other,  B  aii<l  i 

hi  siirli  r[UfiDtity  as  to  combine  definitely  with  ft,  ^  will  all 
J  di  finitely  with  *.' 
^imilaM^bos^O^^Tize^^jj^ils^pub^^ 

/ 
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Wiea;  these  views  being  such  as  to  include  both  those  two  rules  m 
tkor  most  general  form,  and  further,  the  rule,  at  that  time  still  more 
Kv  to  chemists,  of  multiple  proportions.  He  conceived  bodies  as 
MBpoied  of  atoms  of  their  constituent  elements,  grouped,  either  one 
■i  one,  or  one  and  two,  or  one  and  three,  and  so  on.  Thus,  if  C 
■piiiMint  an  atom  of  carbon  and  0  one  of  oxygen,  0  C  will  be  an 
Aom  of  carbonic  oxide,  and  0  C  0  sn  atom  of  carbonic  cLcid ;  and 
koKe  it  follows,  that  while  both  these  bodies  have  a  definite  quantity 
4  oxygen  to  a  given  quantity  of  carbon,  in  the  latter  substance  this 
quntity  is  double  of  what  it  is  in  the  former. 

The  consideration  of  bodies  as  consisting  of  compound  atoms,  each 
of  thas  being  composed  of  elementary  atoms,  naturally  led  to  this  law 
of  multiple  proportions.  In  this  mode  of  viewing  bodies,  Mr.  Dalton 
had  been  preceded  (unknown  to  himself)  by  Mr.  Higgins,  who,  in  1789, 
paUished^  hia  Comparative  View  cf  the  Phlogistic  and  Antiphlogistic 
TkeorieM,  He  there  says,*  ^  That  in  volatile  ntriolic  acid,  a  single  nlti- 
I  particle  of  sulphur  is  united  only  to  a  single  particle  of  dephlo- 
air ;  and  that  in  perfect  vitriolic  acid,  every  single  particle 
of  nlphur  is  anited  to  two  of  dcphlogisticated  air,  being  the  quantity 
neoeHarjto  satnration  f  and  he  reasons  in  the  same  manner  concern- 
ing the  eonstitution  of  water,  and  the  compounds  of  nitrogen  and 
oxygen.  These  observations  of  Higgins  were,  however,  made  casually, 
ind  not  followed  out,  and  cannot  affect  Dalton's  claim  to  original  merit. 

Mr.  Dalton's  generalization  was  first  suggested*  during  his  examina- 
tion of  olefiant  gas  and  carburetted  hydrogen  gas ;  and  was  asserted 
generally,  on  the  strength  of  a  few  facts,  being,  as  it  were,  irresistibly 
recommended  by  the  clearness  and  simplicity  which  the  notion  pos- 
ceMed.  Mr.  Dalton  himself  represented  the  compound  atoms  of  bodies 
by  symbols,  which  professed  to  exhibit  the  arrangement  of  the  ele- 
mentary atoms  in  space  as  well  as  tlieir  numerical  proportion ;  and  he 
attached  great  importance  to  this  part  of  his  scheme.  It  is  clear,  how- 
ever, that  this  part  of  his  doctrine  is  not  essential  to  tliat  numerical 
comparison  of  the  law  with  facts,  on  which  its  establishment  rests. 
These  hyp<>thctical  configurations  of  atoms  have  no  value  till  they  are 
confirmed  by  corresponding  facts,  such  as  the  optical  or  crystalline 
properties  of  bodies  may  perhaps  one  day  furnish. 


*  Turner's  Chcm.  p.  217.  *  P.  36  and  87. 

•  TliomflOD,  vol  il  p.  291. 
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Sect  2. — BecepHon  and  CanfirmaUcn  of  the  Atomic  Thwrf,      c 


In  order  to  give  a  Bketch  of  the  progress  of  the  Atomic  Theoiy  i 
general  roceptioiif  we  cannot  do  better  than  borrow  oar  infoimaticii  ^ 
mainly  from  Dr.  Thomson,  who  was  one  of  the  earliest  converti  an^ 
most  effective  promulgators  of  the  doctrine.    Mr.  Dalton,  at  the  tn^  ' 
when  he  conceived  his  theory,  was  a  teacher  of  mathematics  at  Mm^ 
Chester,  in  circumstances  which  might  have  been  considered  iuann|^  ^ 
if  he  himself  had  been  less  simple  in  his  manner  of  life,  and  \m  ' 
moderate  in  his  worldly  views.    His  experiments  were  generally  mads    ', 
with  apparatus  of  which  the  simplicity  and  cheapness  corresponded  to  ^ 
the  rest  of  his  habits.    In  1804,  he  was  already  in  possession  of  \m  ^ 
atomic  theory,  and  explained  it  to  Dr.  Thomson,  who  visited  him  it  ^* 
that  time.    It  was  made  known  to  the  chemical  world  in  Dr.  ThoBr  ^ 
son*s  Chemistry  J  in  1807  ;  and  in  Dalton's  own  System  of  Chemuitr%   !^ 
(1808)  the  leading  ideas  of  it  were  very  briefly  stated.    Dr.  WoUat-    ' 
ton's  memoir,  '*  on  superacid  and  subacid  salts,"  which  appeared  in  the    ^ 
Philosophical  Transactions  for  1808,  did  much  to  secore  this  iheoij    ' 
a  place  in  the  estimation  of  chemists.    Here  the  author  statesi  tint 
he.  had  observed,  in  various  salts,  the  quantities  of  acid  combined  vitt 
the  base  in  the  neutral  and  in  the  superacid  salts  to  be  as  one  to  two: 
and  he  says  that,  thinking  it  likely  this  law  might  obtain  generally  in 
such  compounds,  it  was  his  design  to  have  pursued  this  subject,  with 
the  hope  of  discovering  the  cause  to  which  so  regular  a  relation  may 
be  ascribed.    But  he  adds,  that  this  appears  to  be  superfluous  after  the 
publication  of  Dalton's  theory  by  Dr.  Thomson,  since  all  soch  fiftcts  are 
but  special  cases  of  the  general  law.    We  cannot  but  remark  heie^  that 
the  scrupulous  timidity  of  WoUaston  was  probably  the  only  impedi- 
ment to  his  anticipating  Dalton  in  the  publication  of  the  rule  of  mul- 
tiple proportions ;  and  the  forwardness  to  generalize,  which  belongs  to 
the  character  of  tlio  latter,  justly  secured  him,  in  this  instance,  the 
name  of  the  discoverer  of  this  law.    The  rest  of  the  English  chenuits 
soon  followed  WoUaston  and  Thomson,  though  Davy  for  some  time 
resisted.    They  objected,  indeed,  to  Dalton's  assumption  of  atoms,  and, 
to  avoid  this  hypothetical  step,  WoUaston  used  the  phrase  chemical 
equivalents^  and  Davy  the  word  proportions,  for  the  numbers  which 
expressed  Dalton's  atomic  weights.    We  may,  however,  venture  to  say 
that  the  term  "  atom"  is  the  most  convenient,  and  it  need  not  be  under- 
stood  as  claiming  our  assent  to  the  hypothesis  of  indivisible  molecules. 


THSOBY  OF  DEFINITE  PBOFOBTIOlirS. 

Af  WoIIaaton  and  Dalton  were  thus  arriving  independently  at  the 

■M  renilt  in  England,  other  chemists,  in  other  coontries,  were,  un* 

hovB  to  each  other,  travelling  towards  the  same  point 

h  1807,  Benelins,^  intending  to  publish  a  system  of  chemistry, 

mt  througli  several  works  little  read,  and  among  others  the  treatises 

'  tf  liditer.     He  was  astonished,  he  tells  ns,  at  the  light  which  was 

^  In  thrown  npon  composition  and  decomposition,  and  which  had 

mm  been  tamed  to  profit    He  was  led  to  a  long  train  of  ezperi- 

[  research,  and,  when  he  received  information  of  Dalton's  ideas 

multiple  proportions,  he  found,  in  his  own  collection  of 

f  a  fall  confirmation  of  this  theory. 

» of  the  Germans,  indeed,  appear  discontented  with  the  parti- 
tioi  d  npatation  which  has  taken  place  with  respect  to  the  Theory 
of  Definite  Proportions.  One'  of  them  says,  ^  Dalton  has  only  done 
has  wrapt  up  the  good  Richter  (whom  he  knew ;  compare 
r,  T,  older  series,  vol.  z.,  p.  381 ;)  in  a  ragged  snit»  patched 
together  of  atoms ;  and  now  poor  Richter  comes  back  to  his  own 
OQOBtry  in  sach  a  garb,  like  Ulysses,  and  is  not  recognized."  It  is  to 
be  Teeollected,  however,  that  Richter  says  nothing  of  multiple  pro- 


The  general  doctrine  of  the  atomic  theory  is  now  firmly  establidied 
over  the  whole  of  the  chemical  world.  There  remain  still  several 
oontTOverted  points,  as,  for  instance,  whether  the  atomic  weights  of 
all  elements  are  exact  multiples  of  the  atomic  weight  of  hydrogen. 
Dr.  Prout  advanced  several  instances  in  which  this  appeared  to  be 
trne,  and  Dr.  Thomson  has  asserted  the  law  to  be  of  universal  appli- 
eilion.  But,  on  the  other  hand,  Berzclios  and  Dr.  Turner  declare 
tihat  this  hypothesis  is  at  variance  with  the  results  of  the  best  analyses. 
Sodi  controverted  points  do  not  belong  to  our  history,  which  treats 
only  of  the  progress  of  scientific  truths  already  recognized  by  all  com- 
petoit  judges. 

Though  Dalton's  discovery  was  soon  generally  employed,  and  uni- 
venaDy  spoken  of  with  admiration,  it  did  not  bring  to  him  anything 
bot  barren  praise,  and  he  continued  in  the  humble  employment  of 
which  we  have  spoken,  when  his  fame  had  filled  Europe,  and  his 
name  become  a  household  word  in  the  laboratory.  After  some  years 
be  was  appointed  a  corresponding  member  of  the  Institute  of  France ; 
which  may  be  considered  as  a  European  recognition  of  the  importance 


*  BenL  Chmm.  B.  iii  p^  27.  '  Marx.  Genk  dw  Crytt.  p.  202. 
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of  what  he  had  done;  and,  in  182G,  two  medak  for  the  encoiin|g»i 
ment  of  science  having  been  placed  at  the  diqK)ial  of  the  Bifri 
Society  by  the  King  of  England,  one  of  them  was  assigned  ii 
Dalton,  "^  for  his  development  of  the  atomic  theory."    In  183^.^ 
the  meeting  of  the  British  Association  for  the  AdvancemflBi^ 
Science,  which  was  held  in  Cambridge,  it  was  annonnced  that  J|i 
King  had  bestowed  upon  him  a  pension  ci  160/. ;  at  the  pr 
meeting  at  Oxford,  that  university  had  conferred  upon  him  the  ( 
of  Doctor  of  Laws,  a  step  the  more  remarkable,  since  he  belonged  Is 
the  sect  of  Quakers.    At  all  the  meetings  of  the  British  Assodaiioi 
he  has  been  present,  and  has  always  been  surrounded  by  the  reverence 
and  admiration  of  all  who  feel  any  sympathy  with  the  progras  rf 
science.    May  he  long  remain  among  us  thus  to  remind  us  of  the  vMk 
advance  whidi  Chemistry  owes  to  him ! 

[2nd  £d.]  [Soon  after  I  wrote  these  expressions  of  hope,  the  period 
of  Dalton's  sojourn  among  us  terminated.  He  died  on  the  27th  of 
July,  1844,  aged  78. 

His  fellow-townsmen,  the  inhabitants  of  Manchester,  who  had  lO 
long  taken  a  pride  in  his  residence  among  them,  soon  after  his  deitt 
came  to  a  determination  to  perpetuate  his  memoiy  by  establishing  ii 
his  honor  a  Professor  of  Chemistry  at  Manchester.] 


Sect.  3.— The  Theory  of  Volumes.— Gay-IAiseae. 

Ths  atomic  theory,  at  the  very  epoch  of  its  introduction  into  nranM^ 
received  a  modification  in  virtue  of  a  curious  discovery  then  madSb 
Soon  after  the  publication  of  Dalton's  system,  Gay-Lussac  and  Evmt 
boldt  found  a  rule  for  the  combination  of  substances,  which  inclodei 
that  of  Dalton  as  far  as  it  goes,  but  extends  to  combinations  of  giMi 
only.  Tliis  law  is  the  theory  of  volumee ;  namely,  that  gases  naitc 
tc^ther  hy  volume  in  very  simple  and  definite  proportions.  Thai 
water  is  composed  exactiy  of  100  measures  of  oxygen  and  200  moaguiM 
of  hydrogen.  And  since  these  simple  ratios  1  and  1, 1  and  2,  1  and  S, 
alone  prevail  in  such  combinations,  it  may  easily  be  shown  that  lawi 
like  Dalton's  law  of  multiple  proportions,  must  obtain  in  such  cases  ai 
he  considered. 

[2nd  Ed.]  [M.  Schroder,  of  Mannheim,  has  endeavored  to  extend  to 
solids  a  law  in  some  degree  resembling  Gay-Lussac's  law  of  the  volumei 
of  gases.    According  to  him,  the  volumes  of  the  chemical  equivalenta 
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oiple  sabfltances  and  their  compounds  are  as  whole  nnmben.* 

,  K<^p,  Play&ir,  and  Joule  ha?e  labored  in  the  same  field.] 

eaanoi  now  attonpt  to  trace  other  bearings  and  developments  of 

wimartaMe  disooverj.      I  hasten  on  to  the  last  generalisation  of 

ffliiliy ;  which  presents  to  ns  chemical  forces  under  a  new  aspect| 

1  Wngs  ns  back  to  the  point  from  which  we  departed  in  conmienc- 

{fte  history  of  this  sdence. 


CHAPTER  IX. 
Epoch  of  Davt  ahd  Faradat. 


Ssct  if^Prcmulgaium  of  the  Electro-cliemteal  Thwry  by  Davy. 

FIB  nader  will  recollect  that  the  History  of  Chemistry,  thoogh 
higUj  important  and  instmctive  in  itself  has  been  an  intermption 
of  the  History  of  Electro-dynamic  Research : — a  necessary  intermp- 
tion, however;  for  till  wc  became  acquainted  with  Chemistry  in 
ceneral,  wc  could  not  follow  the  course  of  Electro-chemistry:  we 
eonld  not  estimate  its  vast  yet  philosophical  theories,  nor  even  express 
its  simplest  facts.  We  have  now  to  endeavor  to  show  what  has  thus 
been  done,  and  by  what  steps ; — to  give  a  fitting  view  of  the  Epoch 
of  Bavy  and  Faraday. 

This  is,  doubtless,  a  task  of  difficulty  and  delicacy.  We  cannot 
aeenfte  it  at  all,  except  we  suppose  that  the  great  truths,  of  which  the 
daeorery  marks  this  epoch,  have  already  assumed  their  definite 
SDd  pennanent  form.  For  we  do  not  learn  the  just  value  and  right 
pbee  of  imperfect  attempts  and  partial  advances  in  science,  except  by 
Hfling  to  what  they  lead.  We  judge  properly  of  our  trials  and 
goesses  only  when  we  have  gained  onr  point  and  guessed  rightly.  We 
might  personify  philosophical  theories,  and  might  represent  them  to 
oonelves  as  figures,  all  pressing  eagerly  onwards  in  the  same  diree- 


*  Du  moieaUar-w^umt  der  Chemiichen  Verbindungen  infesten  undfliMngm 
h,  1848. 
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the  rapoDsibility  which  the  narration  involves ;  and  I  have  endeavor- 
d  mrneMjy  and  I  hope  not  in  vain,  to  speak  as  if  I  were  removed 
If  eentoriea  from  the  personages  of  my  story. 

Hie  phenomena  observed  in  the  Voltaic  apparatus  were  naturally 
As  nlgect  of  many  speculations  as  to  their  cause,  and  thus  gave  rise 
It* Theories  ai  the  Pile.''  Among  these  phenomena  there  was  one' 
dm  which  led  to  most  important  results :  it  was  discovered  by  Nichol- 
MB  aixl  Carlisle,  in  1800,  that  water  was  decompoted  by  the  pile  of 
Tolta;  that  ia»  it  was  found  that  when  the  wires  of  the  pile  were 
pheed  with  their  ends  near  each  other  in  the  fluid,  a  stream  of  bub- 
bles of  air  arose  from  each  wire,  and  these  airs  were  found  on  exanH- 
nakkm  to  be  oxygen  and  hydrogen ;  which,  as  we  have  had  to  narrate, 
had  already  been  found  to  be  the  constituents  of  water.  This  was,  as 
Dvry  says,*  the  true  origin  of  all  that  has  been  done  in  electro-chemi- 
cal science.  It  was  found  that  other  substances  also  suffered  a  like 
deecMnpoaition  under  the  same  circumstances.  Certain  metallic  solu- 
tions were  decomposed,  and  an  alkali  was  separated  on  the  negative 
plates  of  the  apparatus.  Cruickshank,  in  pursuing  these  experiments, 
added  to  them  many  important  new  results ;  such  as  the  decomposi- 
tion of  muriates  of  magnesia,  soda,  and  ammonia  by  the  pile ;  and  the 
geneial  observation  that  the  alkaline  matter  always  appeared  at  the 
ttepoHref  and  the  acid  at  the  positive,  pole. 

Such  was  the  state  of  the  subject  when  one  who  was  destined  to  do 
so  much  for  its  advance,  first  contributed  his  labors  to  it.  Humphry 
Davy  was  a  young  man  who  had  been  apprenticed  to  a  surgeon  at 
Penzance,  and  having  shown  an  ardent  love  and  a  strong  aptitude  for 
chanical  research,  was,  in  1798,  made  the  superintendent  of  a  "  Pneu- 
mitic  Institution,"  established  at  Bristol  by  Dr.  Beddoes,  for  the  pur- 
pose of  discovering  medical  powers  of  factitious  airs.'  But  his  main 
attention  was  soon  drawn  to  galvanism ;  and  when,  in  consequence  of 
the  reputation  he  had  acquired,  he  was,  in  1801,  appointed  lecturer  at 
tbe  Royal  Institution  in  London  (then  recently  established),  he  was 
soon  put  in  possession  of  a  galvanic  apparatus  of  great  power ;  and 
with  this  he  was  not  long  in  obtaining  the  most  striking  results. 

His  first  paper  on  the  subject*  is  sent  from  Bristol,  in  September, 
1800 ;  and  describes  experiments,  in  which  he  had  found  that  the  de- 
compositions observed  by  Nicholson  and  Carlisle  go  on,  although  the 


'  PkU.  Trans,  1826,  p.  886.  *  Paris,  Life  of  JDavy,  I  68. 

'Nieho]K>n*t  Jawmal,  4to.  iv.  275. 
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witer,  or  other  sabstance  in  which  the  two  wires  are  plunged,  ti 
separated  into  two  portions,  provided  these  portions  are  connected  If 
mnscolar  or  other  fibres.  Ihis  use  of  mnsonlar  fibres  was,  probafa^ 
a  remnant  of  the  original  disposition,  or  accident,  by  which  ffXrtabm 
had  been  connected  with  physiology,  as  much  as  with  chemistry.  Bsuji 
however,  soon  went  on  towards  the  conclusion,  that  the  phenomoS 
were  altogether  chemical  in  their  nature.  He  had  already  conjeetai^' 
od,*  in  1802,  that  all  decompositions  might  be  poiar  ;  that  is,  thai  itf 
all  cases  of  chemical  decomposition,  the  elements  might  be  related  tl 
each  other  as  electrically  positive  and  negative ;  a  thought  whidi  il 
was  the  peculiar  glory  of  his  school  to  confirm  and  place  in  a  distiBd 
light  At  this  period  such  a  view  was  hr  from  obvious ;  and  it  witt 
contended  by  many,  on  the  contrary,  that  the  elements  which  dw 
voltaic  apparatus  brought  to  view,  were  not  liberated  from  combna^ 
tions,  but  generated.  In  1800,  Davy  attempted  the  solution  of  tUi 
question ;  ho  showed  that  the  ingredients  which  had  been  supposed  to 
be  produced  by  electricity,  were  due  to  impurities  in  the  water,  or  to 
the  decomposition  of  the  vessel ;  and  thus  removed  all  prelimiiMBj 
difficulties.  And  then  he  says,*  ^  referring  to  my  experiments  of  IBOQ^ 
1801,  and  1802,  and  to-a  number  of  new  facts,  which  showed  that  IB- 
fiammable  substances  and  oxygen,  alkalies  and  acids,  and  oxidable  aad 
noble  metals,  were  in  electrical  relations  of  positive  and  negative,  I  drsir 
the  conclusion,  that  the  combinations  and  decompositions  by  eUetrieiijf 
were  referrible  to  the  law  of  electrical  attractions  and  repulsions^  and 
advanced  the  hypothesis,  ^  that  chemical  and  electrical  attractions  wsre 
produced  by  the  same  cause^  acting  in  the  one  case  on  particles^  in  the 
other  on  masses  ;  .  .  .  and  that  the  same  property^  under  different  modi' 
ficationsy  was  the  cause  of  all  the  phenomena  exhibited  by  differmi 
voltaic  combinations^ 

Although  this  is  the  enunciation,  in  tolerably  precise  terms,  of  the 
great  discovery  of  his  epoch,  it  was,  at  the  period  of  which  we  speak; 
conjectured  rather  than  proved ;  and  we  shall  find  that  neither  Davy 
nor  his  followers,  for  a  considerable  period,  apprehended  it  with  that 
distinctness  which  makes  a  discovery  complete.  But  in  a  very  short 
time  afterwards,  Davy  drew  great  additional  notice  to  his  researches 
by  effecting,  in  pursuance,  as  it  appeared,  of  his  theoretical  views,  the 
decomposition  of  potassa  into  a  metallic  base  and  oxygen*  Hiis  was, 
as  ho  truly  said,  in  the  memorandum  written  in  his  journal  at  the 


*  Phil  Trans.  1826.  •  IK  18S6,  p.  889 


Ibb'diMafierjr  WM  aooa  ftJbwvd  ty 
ofaodft;  Md thottlj after, of  otlMrbodiMitf 
M*di0  4Mt«rBil  Md  Mtmtj  of  the  whde  dienkd 
to  die  nbjeet  in  in  intense  degiee, 

be  Mlioed  tluee  great  Imuicliee  of  qpeen* 

tiki  Umr^  ^  iksjrik,  iks  Amy  if  dmtriM 

sad  the  llbory  if1k$  idmUUy  if  cJimictit  mid  itelriM 

howefery  was  ibond  to  indnde  the  otfci* 

ma^X  lia?e  been  anticipated  from  the  time  of  its  int 

'  to  nj  maoh  on  the  theoiiea  of  the  vcHaio 
t  other  parti  of  the  ■tt))ject  The  ecmiaeMkm^ 
i  the  aetkm  to  the  eontaot  of  Cerent  metafai  wai  BiiuB- 
Ikf  Yokn  hhuelf ;  bat  gtadnally  diaappeaiedy  aa  it  waa  profed 
(lyWillaainn*  eqpedaUy,)  that  the  effect  of  the  inle  waa  inaepaiaUf 
eamaalal  with  onidatfcm  or  other  ehemieal  changeeb  The  tfaeotki 
el^ -ehal^-dMoiieal  deeompoeition  were  nnmerooii  and  eipeoiallf 
ift»4hi  fvomnlgatkni  of  Dayy^a  Memoir  in  1606 ;  and,  whatevea 
*  wfaidi  these  qieeoktiona  hr  a  long  titM 
» aidgeet  waa  poweifiillj  mged  on  in  tfie  direction  in  whieh 
kjjiV  ^  Dayy^a  diaeoveriea  and  viewi.  Tlial  thete  remained 
^ilill  to  be  dcHM^  in  order  to  give  foil  evidence  and  oonaiBteney 
taike  Aemy,  appears  fit(»n  this;^-tiiat  some  of  the  most  imp(Hlant 
pnto  ctDmrfu  reaalts  strock  his  Mowers  as  extraordinary  paiadozes ; 
^  the  &ct  that  the  decomposed  elements  are  transferred 
I  part  ci  the  circuit  to  another,  in  a  form  which  esci^pes  the 
)  of  oor  sensesithroagh  intervening  snbstances  for  which  th^ 
hife  n  strong  affinity.  It  was  found  afterwards  that  the  circumstance 
wUdi  appeared  to  make  the  process  so  wondeifol,  was,  in  &ct^  the 
eonttionof  ilBgoingon  stall  Davy's  expressions  often  seem  to  indi- 
afesHie  moat  exact  notions :  for  instance,  he  says^  ^It  is, very  natural 
tSHppoae  that  the  repellent  and  attractive  eneigies  are  conomunicated 
from  one  particle  to  another  ci  the  same  kind,  so  as  to  estaUish  a  ccm* 
;  dkdm  in  the  fluid ;  and  that  the  locomotion  takes  place  in 
and  yet  at  other  times  he  speaks  of  the  element  aa 
siiitttte/  and  replied  by  the  metallic  surfeces  which  form  the  p<^  ; — 
adifferent,  and,  aa  it  appeared  afterwards,  an  untenable  view.  ICr. 
fimdayy  who  supplied  what  was  wanting,  justly  notices  this  vagueness. 


•  Pm.  Trmm.  1801,  p.  427.  *  P«ri%  i  164. 
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He  says,'  that  though,  in  Davy's  celebrated  Mem<Mr  of  1806,  the  poiiiR  i 
established  are  of  the  utmost  value,  the  mode  oi  action  by  wbkli  Ator 
effects  take  place  is  stated  very  generally ;  so  generally,  ind^d,  ttn  ^ 
probably  a  dozen  precise  schemes  of  electro-chemical  action  vof^, t$ij0 
drawn  up,  differing  essentially  from  each  other,  yet  all  agreehig  mlh  id 
the  statement  there  given.''  And  at  a  period  a  little  later,  hmf\^ 
reproached  by  Davy's  brother  with  injustice  in  this  expreeaion,  heak*  ca 
stantiated  his  assertion  by  an  enumeration  of  twelve  auch  achemi  ^ 
which  had  been  published.  •    .,. 

But  yet  we  cannot  look  upon  this  Memoir  of  1806,  otherwiae  Hmk  .v 
as  a  great  event,  perhaps  the  most  important  event  of  the  epoch  mm  ^ 
under  review.    And  as  such  it  was  recognized  at  once  all  over  Eompn  ^ 
In  particular,  it  received  the  distinguished  honor  of  being  crowned  hf  ,j 
the   Institute   of  France,  although  that  country  and  England  WCN    , 
then  engaged  in  fierce  hostility.    Buonaparte  had  proposed  a  priae  «C    . 
sixty  thousand  francs  ^  to  the  person  who  by  his  experiments  and  dii-    , 
coveries  should  advance  the  knowledge  of  electricity  and  galviaiiifl% 
as  much  as  Franklin  and  Yolta  did ;"  and  "•  of  three  thousand  firanei 
for  the  best  experiment  which  should  be  made  in  the  course  of  each 
year  on  the  galvanic  fluid ;"  the  latter  prize  was,  by  the  First  Claia  ef 
the  Institute,  awarded  to  Davy. 

From  this  period  he  rose  rapidly  to  honors  and  distinctions^  and 
reached  a  height  of  scientific  &me  as  great  as  has  ever  fallen  to  the 
lot  of  a  discoverer  in  so  short  a  time.  I  shall  not,  however,  dwell  ob 
such  circumstances,  but  confine  myself  to  the  progress  of  my  subject 

Sect.  2. — Establishment  of  the  Electro-chemical  Theory  by  Faraday, 

The  defects  of  Davy's  theoretical  views  will  be  seen  most  clearly  by 
explaining  what  Faraday  added  to  them.  Michael  Faraday  was  in 
every  way  fitted  and  led  to  become  Davy's  successor  in  his  great  ca- 
reer of  discovery.  In  1812,  being  then  a  bookseller's  apprentice,  he 
attended  the  lectures  of  Davy,  which  at  that  period  excited  the  hi^- 
est  admiration.*  ^^  My  desire  to  escape  from  trade,"  Mr.  Faraday  sayi^ 
^  which  I  thought  vicious  and  selfish,  and  to  enter  into  the  service  of 
science,  which  I  imagined  made  its  pursuers  amiable  and  liberal,  in- 
duced me  at  last  to  take  the  bold  and  simple  step  of  writing  to  Sir  H. 
Davy."    He  was  favorably  received,  and,  in  the  next  year,  became 

*  lUsdarehei,  482.  *  PaxJ%  ii  8. 
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lAlj^aMlBftafcthaLMkHatioii;  aadaf^^  The 

I  IppMat  whiafc  ptodaoed  iooh  leMttdiM  as  fhoae  of  Hmm  two  hmd, 
»  ftoiMignd  at  A  great  achool  of  exact  and  philoaopliieal 
Mr.  Elanaday^  from  the  begmning  of  his  ooone  of  mqniiy, 
^  to  hftve  had  the  ooaaeioiiaiieBs  that  he  was  engaged  on  a  great 
His  Bs^pmmmUU  BetearekUj  which  appeared  in  a 
t  in  the  Philomjpkieal  TnoMoetumi^  are  divided  into 
pninnbered  into  a  continned  order  from  1  npto  1160^ 
lA  the  time  «t  which  I  write;'*  and  destined,  probably,  to  extrad 
These  paragraphs  are  connected  by  a  very  rigoroos 
and  reasoning  which  nms  fhrongfa  the  whole 
Tet  this  unity  of  purpose  waa  not  at  first  obnook 
two  Ifamoaa  were  npon  snbjects  which  we  have  already 
f  (Bb  zoL  e.  5  and  c.  8),  Yottaic  Indactiony  and  the  evohilioii 
tf  ■artneil^  ft«m  Magnetism.  His  <"  Third  Series"  has  also  been 
to.  Its  object  wasy  as  a  preparatory  step  towards 
f  to  show  the  identity  of  voltaic  and  animal  eleo- 
^  yMk  tiiat  of  the  electrical  machine ;  and  as  machine  electricity 
I  oilm  kinds  in  being  soccessiYely  in  a  state  of  tennon  and 
inslead  of  &  oontinned  cnrrent^  Mr.  Faradi^  succeeded  in 
;  ft  with  them,  by  causing  the  electrical  dischaige  to  pass 
a  bad  ocAdnetor  into  a  dischargin^tain  of  vast  extent; 
'  laas^  indeed,  than  the  whole  &bric  of  the  metallic  gas  pipes 
\  of  London.  In  this  Memoir"  it  is  easy  to  see  already 
I  of  the  general  theoretical  views  at  which  he  had  arrived ;  but 
i  are  not  expressly  stated  till  his  ^'  Fifth  Series ;"  his  intermediate 
Fourth  Series  being  occupied  by  another  subsidiary  labor  on  the  con- 
dilions  of  conduction.  At  lengdi,  however,  in  the  Fifth  Series,  which 
iM  lead  to  the  Royal  Society  in  June,  1833,  he  approaches  the  iho> 
siy  of  electro-chemical  decomposition.  Most  preceding  theorists,  and 
Bsvy  amongst  the  number,  had  referred  this  result  to  attractive  poyh 
;  in  the po^  of  the  apparatus;  and  had  even  pretended  to 
\  the  intensity  of  this  attraction  at  different  distances  from  the 
pslnL  By  a  number  ci  singularly  beautiful  and  skilful  experiments^ 
Vr.  Faraday  shows  that  the  phenomena  can  with  no  propriety  be 


*  Dsesmber,  1886.  (At  present,  when  I  am  reviling  the  second  editioii, 
flytSMbw  1846,  Dr.  Fsiadsy  has  recently  published  the  "Twenty-firrt  Series" 
tf  Us  Mmmrckn  ending  with  psrsgn^  2458.) 
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Mcribed  to  the  attraction  of  the  polos."  ^  Ab  the  Bubstanoes  Bvckmi 
in  cases  of  electro-chemical  decomposition  may  be  made  to  ^ipwr 
against  air,"  which,  according  to  oonmion  language,  is  not  ft  torn . 
ductor,  nor  is  decomposed ;  or  against  water,"  which  is  a  condnels% . 
and  can  be  decomposed ;  as  well  as  against  the  metal  poles,  which  m  , 
excellent  conductors,  but  undecomposable ;  there  appears  but  litfl ) 
reason  to  consider  this  phenomenon  generally  as  due  to  the  attraettaa.  ^ 
or  attractive  powers  of  the  latter,  when  used  in  the  ordinary  wq(  . 
since  similar  attractions  can  hardly  be  imagined  in  the  former  iip  , 
stances." 

Faraday's  opinion,  and,  indeed,  the  only  way  oi  expresaiiig  tki 
results  of  his  experiments,  was,  that  the  chemical  elements,  in  eW 
dience  to  the  direction  of  the  voltaic  currents  established  in  tki 
decomposing  substance,  were  evolved,  or,  as  he  prefers  to  sayi  ^mid 
at  its  extremities."  He  afterwards  states  that  the  influence  whioh  k 
present  in  the  electric  current  may  be  described"  as  an  axU  q/'/wwr, 
having  [at  each  point]  contrary  forces  exactly  eqwU  m  atMmiU  «»  cm^ 
trary  directions. 

Having  arrived  at  this  point,  Faraday  rightly  wished  to  reject  the 
term  poleSy  and  other  words  which  could  hardly  be  used  without  lOf 
gesting  doctrines  now  proved  to  be  erroneous.  He  considered,  in  the 
case  of  bodies  electrically  decomposed,  or,  as  he  termed  them,  efadr^ 
lytes^  the  elements  as  travelling  in  two  opposite  directions;  whieh^ 
with  reference  to  the  direction  of  terrestrial  magnetism,  might  be 
considered  as  naturally  east  and  west ;  and  he  conceived  elements  a^ 
in  this  way,  arriving  at  the  doors  or  outlets  at  which  they  finally 
made  their  separate  appearance.  The  doors  he  called  electrodes^  and, 
separately,  the  anode  and  the  cathode  ;"  and  the  elements  which  fhns 
travel  he  termed  the  anton  and  the  cation  (or  cathlany*  By  means 
of  this  nomenclature  he  was  able  to  express  his  general  results  with 
much  more  distinctness  and  fecility. 

But  this  general  view  of  the  electrolytical  process  required  to  be 
pursued  further,  in  order  to  explain  the  nature  of  the  action.  Tho 
identity  of  electrical  and  chemical  forces,  which  had  been  hasarded  as 


**  Betearehet,  Art  497.  ^  lUuarchen,  Arts.  465^  469. 

"  496.  »»  498.  "  511  »»  668. 

"  The  analogy  of  the  Greek  deriyation  requires  catUm;  bat  to  make  the 
relation  to  cathode  obyioos  to  the  English  reader,  and  to  avoid  a  violation  of 
the  habits  of  English  pronunciation,  I  should  prefer  eaihiim. 
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Tlfii liirTy»wy^«d  adopted  mftfttaA  of  c^^ 

only  be  ertiWklwd  by-end  meeeaiee  and  rigQiiow|mNA 
>Ba,^^Mijroofogliieitoi%ofvoltMeMdel^^ 

to  dofiee  imIi  •  Bieaeim  an  iboald  gire  UmaoMf** 
qioHdfy;  aMl  in  thu  wajhe  prared  tha^  a'vohale 
|l|^  tf  tpo  MBeD  wim  of  ptatimiiii  aad'  lino,  plaoed  near  eaoh  oHier, 
Jj^VHWenad  in  Aote  aeid  lor  lliree  ieoondi,  yields  aa  maeh  eloolrf- 
iyii ft»  iiuulilual  batleiy,  ohatged  by  ten  toniB  of  ahige  maffbiae^ 
iii  ifc  VM  oalAliAed  bolb  by  its  momentnyeleotroHBuignetw 
fldbyihe  amount  of  its  dienridd  action."* 

kM«8ofenfh  Serie^'^ihat  he  finaUyeetd)lUiedapffii^ 
of  the  amtant  of  eleetrolytMal  aetioii,  and  do- 
liaUummiwhieh  ho  tewnedU  a  aolte-#facfrowwlfr.  In  tfaia 
tiio  amount  of  aetioa  was  measored  byllie  qnaatity  of 
and  it  was  neoesmy,  in  older  to  give  nHdity  ta 
to  Aow  (as  iHRMky  did  diow)  that  neither  the  rift 
nor  the  intenrfty  of  the  eanmit,  nor  the  stnigAof 
which  acted  on  the  {dates  of  the  pil^  distDibed  the 
of  thk  measore.  He  prored,  by  expaimeatB  iqpob  •  a 
of  anbstaneesy  of  the  most  diSsrant  Undi^  thstt  the 
action  is  definite  in  amooiit  aeoofdny  to  the 
of  the  new  instrament**  He  had  alresdyi  at  an  eailier 
pniod^*  aaserted,  that  the  themieal power  of  a  ewrrtwt  rfeUctridty  U 
miSrmipreporikm  to  iheabioivte  quantity  cf  ikdrieiiif  whkk patHt ; 
hrt  4e  Toita-electrometer  enabled  him  tofix  with  more  piecirionthe 
of  this  geneni  proposition,  as  well  ss  to  place  it  beyond 


The  YBSt  importance  of  this  step  in  chemistry  soon  came  into  view. 
Bf  die  use  of  the  volta-electrometer,  Faraday  obtained,  for  each 
ilmsiilaij  sdbstance,  a  nmnber  which  represented  the  relative  amount 
flf  ib  deoOTsposition,  and  which  might  property^  be  called  its  ^  electro* 
dmdeal  aqfoivalent"  And  the  question  natnrally  oceais,  whether 
Amb  numbers  bore  any  rektion  to  any  previonsly  established  chemi* 
crimeMures.  The  answer  is  remarkable.  I^  were  no  other  tkam 
AtalMRte  weighte  of  the  DalUmuafi  theory^  which  formed  the  climax 
of  die  preyions  ascent  of  chemistry ;  and  thus  here,  so  everywhere  in 


,  Alt  871.  »687.  «t8«. 
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the  piogreflB  of  science,  the  generalizations  of  one  generation  are  abaoik-^ 
ed  in  the  wider  generalisations  of  the  next.  ,  ^ 

Bat  in  order  to  reach  secorely  this  wider  generalisation,  FanMJby  ^^ 
combmed  the  two  branches  of  the  subject  which  we  have  alieai^^ 
noticed ; — ^the  ihitory  of  electrical  decomposition  with  the  thMMy  e/M  ^^ 
pUe,  For  his  researches  on  the  origin  of  activity  of  the  voltaic  cm^  ^^ 
(his  Eighth  Series),  led  him  to  see  more  clearly  than  any  one  be^  .^ 
him,  what,  as  we  have  said,  the  most  sagacious  of  preceding  phUoih 
phors  had  maintained,  that  the  current  in  the  pile  was  due  to  Aa 
mutual  chemical  action  of  its  elements.  He  was  led  to  consider  the  ^^ 
processes  which  go  on  in  the  exciting-cell  and  in  the  decompooig 
place  as  of  the  same  kind,  but  opposite  in  direction.  The  cheoDkd 
composition  of  the  fluid  with  the  zinc,  in  the  conmion  apparatus,  pnh 
duces,  when  the  circuit  is  completed,  a  current  of  electric  influence  ia 
the  wire ;  and  this  current,  if  it  pass  through  an  electrolyte,  manifasla 
itself  by  decomposition^  overcoming  the  chemical  affinity  which  then 
resists  it  An  electrolyte  cannot  conduct  without  being  decomposed. 
Hie  forces  at  the  point  of  composition  and  the  point  of  decompositicai 
are  of  the  same  kind,  and  are  opposed  to  each  other  by  means  of  the 
conducting-wire ;  the  wire  may  properly  be  spoken  of  '*  as  condueHu^ 
chemical  affinity  :  it  allows  two  forces  of  the  same  Idnd  to  oppose  one 
another  ;'*  electricity  is  only  another  mode  of  the  exertion  of  chemical 
forces  ;*'  and  we  might  express  all  the  circumstances  of  the  voltaic  pile 
without  using  any  other  term  than  chemical  affinity,  though  that  of 
electricity  may  be  very  convenient"  Bodies  are  held  together  by  a 
definite  power,  which,  when  it  ceases  to  discharge  that  office,  may  be 
thrown  into  the  condition  of  an  electric  current** 

Thus  the  great  principle  of  the  identity  of  electrical  and  chemical 
action  was  completely  established.  It  was,  as  Faraday  with  great 
candor  says,**  a  confirmation  of  the  general  views  put  forth  by  Davy, 
in  1800,  and  might  be  expressed  in  his  terms,  that  ^  chemical  and 
electrical  attractions  are  produced  by  the  same  cause  '^  but  it  is  easy 
to  see  that  neither  was  the  full  import  of  these  expressions  understood 
nor  were  the  quantities  to  which  they  refer  conceived  as  measurable 
quantities,  nor  was  the  assertion  anything  but  a  sagacious  conjecture, 
till  Faraday  gave  the  interpretation,  measure,  and  proof,  of  which  we 
have  spoken.  The  evidence  of  the  incompleteness  of  the  views  of  his 
predecessor  we  have  already  adduced,  in  speaking  of  his  vague  and  incon- 


»  B«8Mreh68  Art  918.  •»  915.  »  917.  »  8W.         *•  96fc 
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\Bmf§dmommm  by  Andi^  is  of  tike  iiatave  of  Newton's  < 

r«f  the  "fiews  of  BonDi  and  Hocdoe  nq>eotiiig  gisntj,  or  like 

I  of  fhe  imdiiktoiy  theorjr  of  Hay^^enii 

i  Bot  omifc  to  lepeet  here  the  monl  whioh  wenidL  to  dnir 

leet  daeoTerieit  iluit  they  dofiend  npon  the  oomlMiiirtkm  ef 

\  wUSb  ehar  idm»,    13ie  Ibfnwr  of  these  eoDditiont  is  eMBy 

i  in  the  omo  of  Davy  end  Fsnda.yy  both  sdmizeble  and  ddtt- 

Mie  eepesiniMitBis.    Davy's  lapidity  and  leeoniee  in  experimentbg 

IMn'eitnMirdittaiy,**  and  eitnme  degance  and  iogemuty  distingaidi 

itfftltmHKj  proceai  of  Eiradsy-    He  had  poUishedy  in  1829,  a  voik 

Mtlttmktii  MmmpmkiHm^  in  whieh  diieotions  are  given  Ibr  peifoas- 

JJlfMlfce  neatest  manner  all  chcniieal  proeesses.    ManipolaticMii,  as  he 

iiifelinily  asyii  is  to  the  ehemist  like  the  external  senses  to  the 

iibl^  aad  intfaont  the  soiqply  of  fit  materiab  whioh  snoh  senses  only 

jik^g^  tl»  mind  ean  aoqnire  no  real  knowledge. 

^MstiP  the  operatkms  of  the  mind  as  well  as  the  information  of  the 

well  as  fiwtsi  are  requisite  for  the  attainmmit  of  any 

and  all  great  steps  in  science  require  a  peooliar  distinet- 

tfMdnesB  of  tiboog^t  in  the  discoverer.    This  it  is  difBenh  to 

^  in  any  better  way  than  by  the  disooveries  themselves.   Both 

Iksvy  and  Earnday  poBsesMd  this  vividness  of  mind;  and  it  was  a  con- 

■qaence  of  this  endowment,  that  Davy's  lecture  upon  chemistry,  and 

hcsday's  upon  ahnost  any  subject  of  physical  {^osophy,  were  of  the 

BKMt  brilliant  and  captivating  character.    In  discovering  the  nature  of 

foftsic  action,  the  essential  intellectual  requisite  ivas  to  have  a  distinct 

conoqytion  of  that  which  Faraday  expressed  by  the  remarkable 

**an  aant  of  power  having  equal  and  oppoiite/orces  .^  and  the 

of  this  idea  in  Faraday's  mind  shines  forth  in  every  part 

tf  Us  writings.    Thus  he  says,  the  force  which  determines  the  decom- 

of  a  body  is  in  the  body,  not  in  the  poles.*^    But  for  the 

b  part  he  can  of  course  only  convey  this  fondamental  idea  by  illus- 

Hms'*  he  represents  the  voltaic  circuit  by  a  double  circle, 

[  with  the  elements  of  the  circuit,  and  shows  how  the  anikMU 

lard  round  it  in  one  direction,  and  the  cath^ons  in  the  opposite.    He 

eooaders'*  the  powers  at  the  two  places  of  action  as  balancing  against 

eieh  other  through  the  medium  of  the  conductors,  in  a  manner  anakh 


»  Fteis,  i  14ft.  "  Prrf.  pa  "Art  617. 
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goos  to  that  in  which  mechanical  foicei  are  bdang^d  againa 
other  by  the  intervention  of  the  lever.  It  is  impoenUe  to  hi 
resist  the  idea,  that  the  voltaic  current  mnst  be  preceded  by  ast 
tension  in  its  intermpted  condition,  which  ia  relieved  when  the ' 
is  completed.  He  appears  to  possess  the  idea  of  this  kind  oJ 
with  the  same  eminent  distinctness  with  which  Aichimedea 
ancient,  and  Stevinns  in  the  modem  history  of  science,  possessi 
idea  of  pressure,  and  were  thus  able  to  foand  the  science  of  a 
nics.**  And  when  he  cannot  obtain  these  distinct  modes  of  oi 
tion,  he  is  dissatisfied,  and  conscious  of  defect  Urns  in  the  n 
between  magnetism  and  electricity,**  "  there  appears  to  be  a  link 
chain  of  effects,  a  wheel  in  the  physical  mechanism  of  the  act 
yet  nnrecognized."  All  this  variety  of  expression  shows  how  « 
seated  is  the  thonght  This  conception  of  Chemical  Afiinit} 
peculiar  influence  of  force,  which,  acting  in  opposite  direction 
bines  and  resolves  bodies ;— which  may  be  liberated  and  throw 
the  form  of  a  voltaic  current,  and  thus  be  transferred  to  remote  ] 
and  applied  in  various  ways ;  is  essential  to  the  understandiof 
was  to  the  making,  of  these  discoveries. 

By  those  to  whom  this  conception  has  been  convoyed,  I  vent 
trust  that  I  shall  bo  held  to  have  given  a  fiuthful  account  of  H 
portant  event  in  the  history  of  science.  We  may,  before  we  qi 
subject,  notice  one  or  two  of  the  remarkable  subordinate  featn: 
Faraday's  discoveries. 

Sect  3. — Consequences  of  Faradaxfs  Discoveries, 

Faraday's  volta-electrometcr,  in  conjunction  with  the  method  1 
already  employed,  as  we  have  seen,  for  the  comparison  of  volta 
common  electricity,  enabled  him  to  measure  the  actual  quani 
electricity  which  is  exhibited,  in  given  cases,  in  the  form  of  cb 
affinity.  His  results  appeared  in  numbers  of  that  enormous  m 
which  so  often  comes  before  us  in  the  expression  of  natural  laws, 
grain  of  water**  will  require  for  its  decomposition  as  much  elec 
as  would  make  a  powerful  flash  of  lightning.  By  further  calcd 
he  finds  this  quantity  to  be  not  less  than  800,000  charges 
Leyden  battery  ;*^  and  this  is,  by  his  theory  of  the  identity  < 
combining  with  the  decomposing  force,  the  quantity  of  elee 

"*Art9W.     -        »  99a  »  1114  *•  168.  «  86 
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wbich  is  natonlly  aMocuted  with  the  elements  of  the  gnin  of  water, 
endowing  them  with  their  mutual  affinity. 

Many  of  the  snboidinate  fiicts  and  laws  which  were  brought  to 
light  by  these  researches^  clearly  point  to  generalizations,  not  included 
m  tiist  which  we  have  had  to  consider,  and  not  yet  discovered :  such 
Iswa  do  not  properly  belong  to  our  main  plan,  which  is  to  make  our 
way  fq»  to  the  generalizations.  But  there  is  one  which  so  evidently 
promiset  to  have  an  important  bearing  on  future  chemical  theories, 
that  I  will  briefly  mention  it  The  class  of  bodies  which  are  capable 
of  deetrical  decomposition  is  limited  by  a  very  remarkable  law :  they 
ace  audk  binary  compounds  only  as  consist  of  tingh  proportiomUs  of 
iheir  chmentary  principles.  It  does  not  belong  to  us  here  to  speculate 
on  the  possible  import  of  this  curious  law ;  which,  if  not  fully  esta- 
btished,  Faraday  has  rendered,  at  least,  highly  probable:*'  but  it  is 
impoanUe  not  to  see  how  closely  it  connects  the  Atomic  with  the 
ElectaEOrclianical  Theory ;  and  in  the  connexion  of  these  two  great 
memben  of  Chemistry,  is  involved  the  prospect  of  its  reaching  wider 
goneraliflitions,  and  principles  more  profound  than  we  have  yet  caught 
sight  oC 

Aa  another  example  of  this  connexion,  I  will,  finally,  notice  that 
Faraday  has  employed  his  discoveries  in  order  to  decide,  in  some 
doubtfid  cases,  what  is  the  true  chemical  equivalent  ;*'  ^  I  have  such 
conviction,''  he  sajrs,  "  that  the  power  which  governs  electro-decom- 
position and  ordinary  chemical  attractions  is  the  same ;  and  such  con- 
fidence in  the  overruling  influence  of  those  natural  laws  which  render 
the  former  definite,  as  to  feel  no  hesitation  in  believing  that  the  latter 
must  submit  to  them  too.  Such  being  the  case,  I  can  have  no  doubt 
that,  assuming  hydrogen  as  1,  and  dismissing  small  fractions  for  the 
aimplicity  of  expression,  the  equivalent  number  or  atomic  weight  of 
oxygen  is  8,  of  chlorine  36,  of  bromine  78*4,  of  lead  103^5,  of  tin  59, 
he ;  notwithstanding  that  a  very  high  authority  doubles  several  of 
Aese  nmnbers." 

Sect.  4. — Reception  of  the  Electro-chemical  Theory. 

Tsm  epoch  of  establishment  of  the  electro-chemical  theory,  like  other 
great  scientific  epochs,  must  have  its  sequel,  the  period  of  its  reception 
and  confirmation,  application  and  extension.     In  that   period  we 

«  Art  697.  ♦•861. 
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are  living,  and  it  mast  be  the  task  of  foture  historians  to  trace  te 
coarse. 

We  may,  however,  say  a  word  on  the  reception  which  the  fSbBOtf  ^ 
met  with,  in  the  forms  which  it  assomed,  anterior  to  the  labon  flf  ■ 
Faraday.  Even  before  the  great  discovery  of  Davy,  Grotthan^  11 ' 
1806,  had  written  npon  the  theory  of  electro-chemical  decompoahiQat ' 
bat  he  and,  as  we  have  seen,  Davy,  and  afterwards  other  writersi  m 
Riffanlt  and  Chompr^  in  1807,  referred  the  ^ects  to  the  polea** 
Bat  the  most  important  attempt  to  appropriate  and  employ  the 
generalisation  which  these  discoveries  saggested,  was  that  of  BerzeUoi; 
who  adopted  at  once  the  view  of  the  identity,  or  at  least  the  univeraL 
connexion,  of  electrical  relations  with  chemical  affinity.  He  coi- 
sidered,^*  that  in  all  chemical  combinations  the  elements  may  be  con- 
sidered as  electro-positive  and  electro-negative ;  and  made  thia  opfK^ 
sition  the  basis  of  his  chemical  doctrines ;  in  which  he  was  foilowel 
by  a  large  body  of  the  chemists  of  Germany.  He  held  too  that  fta 
heat  and  light,  evolved  daring  cases  of  powerfol  combination,  are  tike 
conseqaence  of  the  electric  discharge  which  is  at  that  moment  takng 
place :  a  conjectare  which  Faraday  at  first  spoke  of  with  praiMi* 
Bat  at  a  later  period  he  more  sagely  says,^^  that  the  flame  which  ■ 
prodaced  in  sach  cases  exhibits  but  a  small  portion  of  the  eleetrie 
power  which  really  acts.  '*  These  therefore  may  not,  cannot,  be  taken 
as  evidences  of  the  nature  of  the  action ;  but  are  merely  inddentd 
results,  incomparably  small  in  relation  to  the  forces  concerned,  and 
supplying  no  information  of  the  way  in  which  the  particles  are  acfcife 
on  each  other,  or  in  which  their  forces  are  finally  arranged.''  And 
comparing  the  evidence  which  he  himself  had  given  of  the  princq[de 
on  which  Berzelius^s  speculations  rested,  with  the  speculationa  them- 
selves, Faraday  justly  conceived,  that  he  had  transferred  the  doctrine 
from  the  domain  of  what  he  calls  doubtful  knowledge,  to  that  of  induc- 
tive certainty. 

Now  that  we  are  arrived  at  the  starting-place,  from  which  thia  well- 
proved  truth,  the  identity  of  electric  and  chemical  forces,  most  make 
its  future  advances,  it  would  be  trifling  to  dwell  longer  on  the  details 
of  the  diffusion  of  that  doubtful  knowledge  which  preceded  this  more 
certain  science.  Our  history  of  chemistry  is,  therefore,  here  at  an  end. 
I  have,  as  &r  as  I  could,  executed  my  task ;  which  was,  to  mark  all  the 


^  Faraday  {ReieareheM,  Art  481,  492).     **  Ann.  Ohim.  Ixzzvi  146,  for  181S. 
«•  Retearehe*,  Art  8Y0.  *'  Ma 
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gmt  steps  of  its  advance,  from  the  moBt  unconnected  facts  and  the 

impeifect  speculationa,  to  the  highest  generalization  at  which 

!  philosophers  have  yet  arriyed. 

Tet  it  wiU  appear  to  our  purpose  to  say  a  few  words  on  the  connex- 

md  thia  science  with  those  of  which  we  are  next  to  treat ;  and  that 

Iiour  proceed  to  do. 


CHAPTER  X. 
TEAnmoK  JTROM  the  Chemical  to  the  Classificatort  Soiencss. 

r*  is  the  object  and  the  boast  of  chemistry  to  acquire  a  knowledge 
of  bodies  which  is  more  exact  and  constant  than  any  knowledge 
bmowed  frcxn  their  sensible  qualities  can  be ;  since  it  penetrates  into 
thcar  intimate  constitution,  and  discloses  to  us  the  invariable  laws  of 
Hun  composition.  But  yet  it  will  be  seen,  on  a  little  reflection,  that 
sndi  knowledge  could  not  have  any  existence,  if  we  were  not  also  atten- 
tive to  their  sensible  qualities. 

Uie  whole  fabric  of  chemistry  rests,  even  at  the  present  day,  upon 
the  o[^pofiition  of  acids  and  bases :  an  acid  was  certainly  at  first  known 
by  its  sensible  qualities,  and  how  otlierwise,  even  now,  do  wo  perceive 
ib  quality  ?  It  was  a  great  discovery  of  modem  times  tliat  earths  and 
alkalies  have  for  their  bases  metals :  but  what  are  metals  ?  or  how, 
except  firom  lustre,  hardness,  weight,  and  the  like,  do  we  recognize  a 
body  as  a  metal  ?  And  how,  except  by  such  characters,  even  before 
its  analysis,  was  it  known  to  be  an  earth  or  an  alkali  ?  We  must  sup- 
pose some  classification  established,  before  we  can  make  any  advance 
by  experiment  or  obsen-ation. 

It  is  easy  to  see  that  all  attempts  to  avoid  this  difficulty  by  referring 
to  processes  and  analogies,  as  well  as  to  substances,  bring  us  back  to 
the  same  point  in  a  circle  of  fallacies.  If  we  say  that  an  acid  and  alkali 
are  known  by  combining  with  each  other,  wo  still  must  ask.  What  is 
the  criterion  that  they  have  combined  ?  If  we  say  that  the  distinctive 
qualities  of  metals  and  earths  are,  that  metals  become  earths  by  oxida- 
tion, we  must  still  inquire  how  we  recognize  the  process  of  oxidation  ? 
We  have  seen  how  important  a  part  combustion  plays  in  the  history 
of  chemical  speculation ;  and  we  may  usefully  form  such  classes  of 

vot.  n— 20. 
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\A  combustibles  and  ^upporttrs  of  combustion.    But  even  « 
IS  not  c-apaljle  of  being  is&llibly  known,  for  it  passes  hy  ina 
arlea  into  oiidAtion.     We  can  find  do  basb  for  our  teafionifl 
iocs  not  iissume  a  classification  of  obvious  faoU  and  qvialJtiei 
riTiy  classification  of  substances  on  such  grounds^  appear^ 
ht,  to  involve  us  in  vagueness,  ambiguity,  and  contradict! 
r(.\illy  t:iko  tbe  Escnsiblc  qualities  of  an  acid  as  the  crit^Mion  of 
1  a*^id  ?— for  instance,  its  sourness  ?    Prussic  acid,  aracniou*  a/c 
liiour.     "  I  renjcmber  "  says  Dn  Paris,'  "  a  cliemist  haring  b< 
to  muf.'h  riiliuulc  from  speafang  of  a  nc^t  acid, — why  nd 
>a\y  L^d  discovered  potasaium,  it  was  disputed  whether  it  \ 
;  for  thougli  iu  lustre  and  teiture  are  metallic,  it  ia  so  light 
on  water.     And  if  potassium  be  allowed  to  be  a  metal,  is  siiicA 
oJy  wliich  wants  the  metallic  lustre,  and  is  a  non-conductof 
ty  ?  It  i;^  clear  tliat,  at  leasft,  the  obrious  application  of  a  cUl 
hy  physical  characters,  is  attended  with  endless  peTplejt]t>\ 
incc  we  cannot  even  begin  our  researches  without  a«stimifW 
it  ion,  and  *iince  the  forms  of  such  a  clasuificatioD  which  fl 
nd  in  (ifipn^rent  confusion,  it  is  clear  that  wc  must  look  to  < 
)liy  for  ni^olnti-^n  of  this  difficulty;  and  ?nust  avoid  the  emh 
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pally,  to  their  fiicility  of  combination  with  oxygen.  Thus,  the  First 
Section  is  the  Metab  of  the  Earths ;  the  iSecond,  the  Metals  of  the 
Alkalies ;  the  Third,  the  Easily  Oxidable  Metals,  as  Iron ;  the  Foortli, 
Metals  Less  Oxidable,  as  Copper  and  Lead ;  the  Fifth  Section  contains 
only  Mercury  and  Osmium ;  and  the  Sixth,  what  were  at  an  earlier 
period  termed  the  NMe  Metals,  Gold,  Silver,  Platinum,  and  others. 

How  such  principles  are  to  be  applied,  so  as  to  produce  a  definite 
and  consistent  arrangement,  will  be  explained  in  speaking  of  the  philo- 
sophy of  the  Classificatory  Sciences ;  but  there  are  one  or  two  pecu- 
iiiffitdes  in  the  classes  of  bodies  thus  recognized  by  modem  chemistry, 
which  it  may  be  useful  to  notice. 

1.  The  distinction  of  Metallic  and  Non-metallic  is  still  employed,  as 
of  fimdamental  importance.  The  discovery  of  new  metals  is  so  much 
connected  with  the  inquiries  concerning  chemical  elements,  that  we 
may  notice  the  general  progress  of  such  discoveries.  Gold^  Silver^ 
Iron^  Capper,  Quicksilver^  Lead^  Tin,  were  known  from  the  earliest 
antiquity.  In  the  beginning  of  the  sixteenth  century,  mine-directors, 
like  George  Agricola,  had  advanced  so  far  in  practical  metallurgy,  that 
they  had  discovered  the  means  of  extracting  three  additional  metals, 
Zinc,  Bitmuth,  Antimony,  After  this,  there  was  no  new  metal  disco- 
vered for  a  century,  and  then  such  discoveries  were  made  by  the  theo- 
retical chemists,  a  race  of  men  who  had  not  existed  before  Beccher  and 
StahL  Thus  Arsenic  and  Cobalt  were  made  known  by  Brandt,  in  the 
middle  of  the  eighteenth  century,  and  we  have  a  long  list  of  similar 
discoveries  belonging  to  the  same  period ;  Nickel,  Manganese,  and 
Tungsten,  which  were  detected  by  Cronstedt,  Gahn,  and  Scheele,  and 
Dclhuyart,  respectively ;  metals  of  a  very  different  kind,  Tellurium 
and  Molybdenum,  which  were  brought  to  light  by  Miillcr,  Scheele, 
Bergman,  and  Hielm  ;  Platinum,  which  was  known  as  early  as  1741, 
but  with  the  ore  of  which,  in  1802  and  1803,  the  English  chemists, 
Wollaston  and  Tennant,  found  that  no  less  than  four  other  new  metals 
(Palladium,  Rhodium,  Iridium  and  Osmium)  were  associated.  Finally, 
(omitting  some  other  new  metals,)  we  have  another  period  of  disco- 
very, opened  in  1807,  by  Davy's  discovery  of  Potassium,  and  includ- 
ing the  resolution  of  all,  or  almost  all,  the  alkalies  and  earths  into 
metallic  bases. 

[2nd  Ed.]  [The  next  few  years  made  some,  at  least  some  conjec- 
tural, additions  to  the  list  of  simple  substances,  detected  by  a  more 
minute  scrutiny  of  known  substances.  Thorium  was  discovered  by 
Berzelius  in  1828 ;  and  Vanadium  by  Professor  Sefstrom  in  1830..    A 
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metal  named  Cerium,  was  discovered  in  1803,  by  Hisinger  and  Beiv 
lias,  in  a  rare  Swedish  mineral  known  by  the  name  of  Cerit  Momm 
der  more  recently  has  found  combined  with  Ceriam,  other  new  meCdb 
which  ho  has  called  Lanthanium,  Didymium^  Erbium^  and  Terhmm 
M.  Klaus  has  found  a  new  metal,  Butkeniumy  in  the  ore  of  Flatinaft; 
and  Rose  has  discovered  in  Tantalite  two  other  new  metals,  which  ti 
has  announced  under  the  names  of  Pelopium  and  Niobium,  Sftt- 
berg  is  said  to  have  discovered  a  new  earth  in  Eudialyt^  which  ii  mf 
posed  to  have,  like  the  rest,  a  new  radical.  K  these  last  discovate 
be  confirmed,  the  number  of  simple  substances  will  be  raised  to  <ts^ 
ttoo,] 

2.  Attempts  have  been  made  to  indicate  the  classification  of  chemir 
cal  substances  by  some  peculiarity  in  the  Name  ;  and  the  Metals,  fix 
example,  have  been  designated  generally  by  names  in  tfm,  like  ib 
Latin  names  of  the  ancient  metals,  aurum^ferrum.  This  artifice  ii  i 
convenient  nomenclature  for  the  purpose  of  marking  a  recognized  dM 
fcrence ;  and  it  would  be  worth  the  while  of  chemists  to  agree  tomak 
it  universal,  by  writing  molybdenum  and  platinum  ;  which  is  sami 
times  done,  but  not  always. 

3.  I  am  not  now  to  attempt  to  determine  how  far  this  clas%- 
Metals,-— extends ;  but  where  the  analogies  of  the  class  cease  to  hok 
there  the  nomenclature  must  also  change.  Thus,  some  chemistii  i 
Dr.  Thomson,  have  conceived  that  the  base  of  Silica  is  more  asak 
gous  to  Carbon  and  Boron,  which  form  acids  with  oxygen,  than  it  iat 
the  metals :  and  he  has  accordingly  associated  this  base  with  thd 
substances,  and  has  given  it  the  same  termination,  Silicon,  But  o 
the  validity  of  this  analogy  chemists  appear  not  to  be  generall 
agreed. 

4.  There  is  another  class  of  bodies  which  have  attracted  mac 
notice  among  modern  chemists,  and  which  have  also  been  aaaimilafa 
to  each  other  in  the  form  of  their  names ;  the  English  writers  callin 
them  Chlorine,  Fluorim,  Iodine,  Bromine,  while  the  French  use  tl 
terms  Cklore,  Phtore,  lode,  Brom£,  We  have  already  noticed  il 
establishment  of  the  doctrine — that  muriatic  acid  is  formed  of  a  \mb 
chlorine,  and  of  hydrogen, — as  a  great  reform  in  the  oxygen  the<wj 
with  regard  to  which  rival  claims  were  advanced  by  Davy,  and  b 
MM.  Gay-Lussac  and  Thenard  in  1809.  Iodine,  a  remarkable  bod 
which,  from  a  dark  powder,  is  converted  into  a  violet-colored  gas  b 
the  application  of  heat,  was  also,  in  1813,  the  subject  of  a  simili 
rivaby  between  the  same  English  and  French  chemists.      Bromin 
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qpidjf  dkoovwed  ••  kto  ••  1826 ;  and  Hoorine,  or  Phian^  m^  from 

ilk  bai  bean  propowd  to  teim  H^ Ikm boI bean 

mmi  m  «  aqMivte  abbalHMM^  aad  is  inferred  to  exist  bjtaslogjr 

!  «|b  Ilia  analogiaa  of  these  bodks  (Ghlore,  Fhtore,  Ac.)  are  rwj 

r;  tot  instancey  by  oombhiatioii  with  metals  they  fonn  aatlt/ 

i  wMi  hydrogen  they  form  yery  strong  adds;  and  all, 

I  temperstoie  of  the  atmosphere,  operate  on  other  bodies 

i  manner.     Benelias'  proposes  to  eall  them  hmh- 


ju  Ihe  number  of  Elementazy  Substances  which  are  at  pvesent  piiflK 
ntedinoiir  treatises  of  chemis^  is  >S/lfy-(Ar00^  [or  rather,  as  we  haye 
■iddbore^  mgiy4w>.]  .  It  is  nataially  often  asked  what  evidence  we 
hm%  thai  all  these  are  dementaryj  and  what  evidence  that  they  are 
aVthe  ekmentaiy  bodies; — ^how  we  know  that  new  elements  may  not 
be  discovered,  or  these  sapposed  simple  bodies  resolved  into 
r  stOIf  To  theses  questions  we  can  only  answer,  by  referring  to 
tkeUstorf  of  chemistry ; — ^by  pointing  out  what  chemists  have  nnder- 
4ood  by  analynsi  according  to  the  preceding  narrative.  They  have 
eaaadned,  aa  the  analysis  of  a  substance,  that  elementary  constitution 
oCit  wUdk  gives  the  only  intelligible  explanation  ci  the  results  of 
chsBueal  manipulation,  and  which  is  proved  to  be  complete  as  to  quan- 
tity, by  the  balance,  since  the  whole  can  only  be  equal  to  all  its  parts. 
It  is  imposmble  to  maintAin  that  new  substances  may  not  hereafter  be 
diKOvered ;  for  they  may  lurk,  even  in  familiar  substances,  in  doses  so 
mmite  that  they  have  not  yet  been  missed  amid  the  inevitable  slight 
imeenracies  of  all  analysis ;  in  the  way  in  which  iodine  and  bromine 
remained  so  long  undetected  in  sea-water ;  and  new  minerals,  or  old 
ones  not  yet  sufficiently  examined,  can  hardly  fail  to  add  something  to 
ov  lisL  As  to  the  possibility  of  a  further  analysis  of  our  supposed 
nple  bodies,  we  may  venture  to  say  that,  in  r^ard  to  such  supposed 
nple  bodies  as  compose  a  numerous  and  well-characterized  class,  no 
■di  step  can  be  made,  except  through  some  great  change  in  chemical 
theoiy,  which  gives  us  a  new  view  of  all  the  general  relations  which 
dMmistiy  has  yet  discovered.  The  proper  evidence  of  the  reality  of 
inj  supposed  new  analysis  is,  that  it  is  more  consistent  with  the  known 
analogies  of  chemistry,  to  suppose  the  process  analytical  than  synthe- 
tiesL  Thus,  as  has  already  been  said,  chemists  admit  the  existence  of 
flnoiine,  from  the  analogy  of  chlorine;  and  Davy,  when  it  was  found 


*  CkML  I  262.  ^  Tomer,  p.  971. 
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that  ammonia  formed  an  amalgam  irith  mercoiy,  was  tempted  t 
to  it  a  metallic  basis.  Bat  then  he  again  hesitates,*  and  doubts  i 
the  analogies  of  our  knowledge  are  not  better  preserved  by  su 
that  anunonia,  as  a  compound  of  hydrogen  and  another  prin 
**  a  type  of  the  composition  of  the  metals." 

Our  history,  which  is  the  history  of  what  we  know,  has  litt 
with  such  conjectures.  There  are,  however,  some  not  unim 
principles  which  bear  upon  them,  and  which,  as  they  are  usui 
ployed,  belong  to  the  science  which  next  comes  under  our 
Mineralogy. 


*£Um.  Chem.  Phil.  1812,  p.  481. 
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Nowt  if  the  bold  but  ploiia  Uiought  b«  lkfti«f 
To  roach  our  suaclous  t«mplt.''d  iunt^r  ttbrine. 


INTRODUCnON. 

Sect  1, — 0/the  Classificatory  Sciences. 

flBE  horizon  of  the  aciences  spreads  wider  and  wider  before  ns,  as 
-''  ire  adTance  in  cor  task  of  taking  a  survey  of  the  vast  domain. 
Ws  We  seen  that  the  existence  of  Chemistry  as  a  science  which 
idares  the  ingredients  and  essential  constitution  of  all  kinds  of 
tefl^  implies  the  existence  of  another  corresponding  science,  which 
iaH  divide  bodies  into  kinds,  and  point  out  steadily  and  precisely 
^list  bodies  they  are  which  we  have  analysed.    Bnt  a  science  thus 
(ifriding  and  defining  bodies,  is  but  one  member  of  an  order  of 
adoices,  different  from  those  which  we  have  hitherto  described; 
Damdy,  of  the  classificatory  sciences.    Such  sciences  there  must  be, 
not  odIt  having  reference  to  the  bodies  with  which  chemistry  deals, 
bat  also  to  all  things  respecting  which  we  aspire  to  obtain  any  gene- 
lal  knowledge,  as,  for  instance,  plants  and  animals.    Indeed  it  will 
be  foosd,  that  it  is  with  regard  to  these  latter  objects,  to  organized 
beings,  that  the  process  of  scientific  classification  has  been  most  suc- 
fiMfiilly  exercised;  while  with  regard  to  inorganic  substances,  the 
feonation  of  a  satisfiu^ry  system  of  arrangement  has  been  found 
otRmely  difficult ;  nor  has  the  necessity  of  such  a  system  been  recog- 
ned  by  chemists  so  distinctly  and  constantly  as  it  ought  to  be. 
Hie  best  exemplification  of  these  branches  of  knowledge,  of  which  we 
low  have  to  speak,  will,  therefore,  be  found  in  the  oiganio  world,  in 
Botany  and  Zoology ;  but  we  will,  in  the  first  place,  take  a  brief  view 
of  the  science  which  classifies  inorganic  bodies,  and  of  which  Minera- 
ls is  hitherto  the  very  imperfect  representative. 

The  principles  and  rules  of  the  Classificatory  Sciences,  as  well  as  of 
those  of  the  other  orders  of  sciences,  must  bo  fully  explained  when  we 
come  to  treat  of  the  Philosophy  of  the  Sciences ;  and  cannot  be  intro- 
duced here,  where  we  have  to  do  with  history  only.  But  I  may 
observe  very  briefiy,  that  with  the  process  of  classing^  is  joined  the 
process  of  naming; — that  names  imply  classification; — and  that  even 
the  rudest  and  earliest  application  of  language  presupposes  a  distribu- 
tion of  objects  according  to  their  kinds ; — ^but  that  such  a  spontaneous 
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and  unsystematic  distribution  cannot,  in  the  cases  we  now  have  to  ^ 
consider,  answer  the  purposes  of  exact  and  general  knowledge.    Out  i 
classification  of  objects  must  be  made  consistent  and  STstematic,  it  .^ 
order  to  be  scientific ;  we  must  discover  marks  and  charactersi  pro-  i 
perties  and  conditions,  which  are  constant  in  their  occurrence  and  a 
relations;  wo  must  form  our  classes,  we  must  impose  our  namei»  i 
according  to  such  marks.    We  can  thus,  and  thus  alone,  arrive  at  that 
precise,  certain,  and  systematic  knowledge,  which  we  seek ;  that  is,  at 
science.    The  object,  then,  of  the  classificatory  sciences  is  to  obtain 
FIXED  CHARACTERS  of  the  kiuds  of  thiugs ;  and  the  criterion  of  the 
fitness  of  names  is,  that  they  make  general  propositions  possible. 
I  proceed  to  review  the  progress  of  certain  sciences  on  these  princi- 
ples, and  first,  though  briefly,  the  science  of  Mineralogy. 

Sect.  2. — 0/ Mineralogy  as  the  Analyticcxlaesificatory  Science. 

Mineralogy,  as  it  has  hitherto  been  cultivated,  is,  as  I  have  already 
said,  an  imperfect  representative  of  the  department  of  human  know- 
ledge to  which  it  belongs.  The  attempts  at  the  science  have  gene- 
rally been  made  by  collecting  various  kinds  of  information  respecting 
mineral  bodies ;  but  the  science  which  we  require  is  a  complete  and 
consistent  classified  system  of  all  inorganic  bodies.  For  chemistry 
proceeds  upon  the  principle  that  the  constitution  of  a  body  invariably 
determines  its  properties ;  and,  consequently,  its  kind :  but  wo  cannot 
apply  this  principle,  except  we  can  speak  with  precision  of  the  kind 
of  a  body,  as  well  as  of  its  composition.  We  cannot  attach  any  sense 
to  the  assertion,  that  ^'  soda  or  baryta  has  a  metal  for  its  base,"  except 
we  know  what  a  metal  is,  or  at  least  what  properties  it  implies.  It 
may  not  be,  indeed  it  is  not,  possible,  to  define  tiie  kinds  of  bodies  by 
words  only ;  but  the  classification  must  proceed  by  some  constant  and 
generally  applicable  process ;  and  the  knowledge  which  has  reference 
to  the  classification  will  be  precise  as  fisur  as  this  process  is  precise,  and 
vague  as  flEur  as  this  is  vague. 

There  must  be,  then,  as  a  necessary  supplement  to  Chemistry,  a 
Science  of  those  properties  of  bodies  by  which  we  divide  them  into 
kinds.  Mineralogy  is  the  branch  of  knowledge  which  has  discharged  the 
ofiSce  of  such  a  science,  so  far  as  it  has  been  discharged ;  and,  indeed, 
Mineralogy  has  been  gradually  approaching  to  a  clear  consciousness 
of  her  real  place,  and  of  her  whole  task ;  I  shall  give  the  history  of 
some  of  the  advances  which  have  thus  been  made.  They  are,  principally, 
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IkecitiUiiliineiit  and  use  of  External  CharacteiBi  espedally  of  Oryi- 
f^orm^  as  a  fixed  chanuster  of  definite  sdbatancet;  and  tiie 
to  bring  jnto  Tiew  tbe  connexion  <tf  Chemical  Constttatkui 
Ptopertiea,  made  in  the  ahape  of  mineralogical  SjftUmt ; 
Ml  flioae  in  which  ekamkal  melhodi  qfarrangemmt  are  adopted,  and 
tea  which  prote  to  danify  by  the  iiahirdlrhutory  method. 
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an  opinion  rery  nataral  in  one  who  had  been  immersed  in  the  study  of 
the  general  analogies  of  the  forms  of  plants.  But  though  this  is  ex- 
euaable  in  Cssalpinns,  the  rejection  of  this  definiteness  of  form  a 
hundred  years  later,  when  its  existence  had  been  proved,  and  its  laws 
developed  by  numerous  observers,  cannot  be  ascribed  to  anjrthing  but 
strong  prejudice ;  yet  this  was  the  course  taken  by  no  less  a  person 
than  Boffon.  "'  The  form  of  crystallization,"  says  he,*  ^'  is  no^  a  con- 
stant charaeterj  but  is  more  equivocal  and  more  variable  than  any 
other  of  the  characters  by  which  minerals  are  to  be  distinguished." 
And  accordingly,  he  makes  no  use  of  this  most  important  feature  in 
his  history  of  minerals.  This  strange  perverseness  may  perhaps  be 
ascribed  to  tiie  dislike  which  Buffon  is  said  to  have  entertained  for 
linnsras,  who  had  made  crystalline  form  a  leading  character  of  mine- 
rals. 

It  18  not  necessary  to  mark  all  the  minute  steps  by  which  mineralo- 
gists were  gradually  led  to  see  clearly  the  nature  and  laws  of  the  fixity 
of  ayBtalliiie  forms.  These  forms  were  at  first  noticed  in  that  substance 
whicb  is  peculiariy  called  rock-crystal  or  quartz;  and  afterwards  in 
▼arkms  stones  and  gems,  in  salts  obtained  from  various  solutions,  and 
in  snow.  But  those  who  observed  the  remarkable  regular  figures 
which  these  substances  assume,  were  at  first  impelled  onwards  in  their 
speculations  by  the  natural  tendency  of  the  human  mind  to  generalize 
and  gness,  rather  than  to  examine  and  measure.  They  attempted  to 
snatch  at  once  the  general  laws  of  geometrical  regularity  of  these 
occurrences,  or  to  connect  them  with  some  doctrine  concerning  formative 
canses.  Thus  Kepler,*  in  his  HarmanicH  of  the  Worlds  asserts  a  "  forma- 
tnxfaculta^  which  has  its  seat  in  the  entrails  of  the  earth,  and,  after 
the  manner  of  a  pregnant  woman,  expresses  the  five  regular  geometri- 
cal aolids  in  the  forms  of  gems."  But  Philosophers,  in  the  course  of 
time,  came  to  build  more  upon  observation,  and  less  upon  abstract 
leasoninga  Nicolas  Steno,  a  Dane,  published,  in  1660,  a  dissertation 
De  Soiido  intra  SoUdum  Naturaliter  contento,  in  which  he  says,*  that 
though  the  sides  of  the  hexagonal  crystal  may  vary,  t?ie  angles  are  not 
changed.  And  Dominic  Gulielmini,  in  a  Dissertation  on  Salts, 
pnbHshed  in  1707,  says,^  in  a  true  inductive  spirit,  '^Nature  docs  not 
employ  all  figures,  but  only  certain  ones  of  those  which  are  possible ; 
and  of  these,  the  determination  is  not  to  be  fetched  from  the  brain,  or 
proved  d  priori,  but  obtained  by  experiments  and  obser\'ations."     And 
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he  speaks*  with  entire  decision  on  this  subject :  "  Nevertheless 
there  is  here  a  principle  of  crystallization,  the  inclination  of  the  ] 
and  of  the  angles  is  always  constant"    He  even  anticipates^  nry     " 
nearly,  the  views  of  later  crystallographers  as  to  the  mode  in  iriuefi  '"^ 
crystals  are  formed  from  elementary  molecules.    From  this  time,  miiJ^  — 
persons  labored  and  speculated  on  this  subject;  as  Cappeller,  wluiiv 
Prodromus  Crystallographies  appeared  at  Lucem  in  1723 ;  Boni]giifll| 
who  published  Zettres  Philosophiques  sur  la  Formation  de  SeU  Hi$  """^ 
Cristaux,  at  Amsterdam,  in  1792;  and  Henckel,  the  "Physicu«*of 
the  Elector  of  Saxony,  whose  Pyritologia  came  forth  in  1725.    Inflii  ^^--^ 
last  work  we  have  an  example  of  the  description  of  the  various  fonm     ^ 
of  special  classes  of  minerals,  (iron  pyrites,  copper  pyrites,  and  ars^   •'"^ 
pyrites ;)  and  an  example  of  the  enthusiasm  which  this  apparently  Ay    --^ 
and  laborioiLs  study  can  excite :  "  Neither  tongue  nor  stone,"  he  exclaimi,*    '^-^ 
"  can  express  the  satisfiwtion  which  I  received  on  setting  eyes  upon  tlui   - 
sinter  covered  with  galena;  and  thus  it  constantly  happens,  that  one    ^ 
must  have  more  pleasure  in  what  seems  worthless  rubbish,  than  in    -^   ■ 
the  purest  and  most  precious  ores,  if  we  know  aught  of  minerals." 

Still,  however,  Henckel*'  disclaims  the  intention  of  arranging  mine-    ^ 
rals  according  to  their  mathematical  forms ;  and  this,  which  may  he    i 
considered  as  the  first  decided  step  in  the  formation  of  crystallographic     ■ 
mineralogy,  appears  to  have  been  first  attempted  by  Linnajus.    Inttm    -^ 
attempt,  however,  he  was  by  no  means  happy  ;  nor  does  he  himself     :: 
appear  to  have  been  satisfied.     He  begins  his  preface  by  saying, 
"  Lithology  is  not  what  I  plume  myself  upon."     (Litholoyia  mihi  crii-     t 
tas  von  eriget)     Though  his  sagacity,  as  a  natural  historian,  led  him     > 
to  see  that  crystalline  form  was  one  of  the  most  definite,  and  therefore     a 
most  important,  characters  of  minerals,  he  failed  in  profiting  by  this 
thought,  because,  in  applying  it,  he  did  not  employ  the  light  of  geome- 
try,  but  was  regulated   by   what   appeared   to  him    resemblances, 
arbitrarily  selected,  and  often  delusive."     Thus  he  derived  the  form  of 
pyrites  from  that  of  vitriol ;"  and  brought  together  alum  and  diamond 
on  account  of  their  common  octohedral  form.     But  he  had  the  great 
merit  of  animating  to  this  study  one  to  whom,  more  perhaps  than  to 
any  other  person,  it  owes  its  subsequent  progress;  I  mean  Rom6  de 
Lisle.     "  Instructed,"  this  writer  says,  in  his  preface  to  his  Esmis  de 
Crystallographies  "  by  the  works  of  the  celebrated  Von  Linnee,  how 
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greatly  the  stndy  of  the  angular  form  of  crystals  might  become 
interesting,  and  fitted  to  extend  the  sphere  of  our  mineralogical  know- 
ledge, I  have  followed  them  in  all  their  metamorphoses  with  the  most 
scmpoloas  attention.*^  The  views  of  LinnsQus,  as  to  the  importance  of 
this  charactor,  had  indeed  been  adopted  by  several  others ;  as  John 
Hill,  the  King's  gardener  at  Eew,  wlio,  in  1777,  published  his  Spatho- 
genesia;  and  Grignon,  who,  in  1775,  says,  "These  crystallizations 
may  give  the  means  of  finding  a  new  theory  of  the  generation  of  crys- 
talline genuk" 

The  ciicomstance  which  threw  so  much  difficulty  in  the  way  of 
those  who  tned  to  follow  out  his  thought  was,  that  in  consequence  of 
the  apparent  irregularity  of  crystals,  arising  from  the  extension  or 
contraction  of  particular  sides  of  the  figure,  each  kind  of  substance 
may  really  appear  under  many  difierent  forms,  connected  mth.  each 
other  by  certain  geometrical  relations.  These  may  be  conceived  by 
considering  a  certain  fiindamental  form  to  be  cut  into  new  forms  in 
particular  ways.  Thus  if  we  take  a  cube,  and  cut  off  all  the  eight 
comerB,  till  the  original  faces  disappear,  we  make  it  an  octohedron ; 
and  if  we  stop  short  of  this,  we  have  a  figure  of  fourteen  faces,  which 
has  been  called  a  eubo-ociohedron.  The  first  person  who  appears  dis- 
tinctly to  have  conceived  this  truncation  of  angles  and  edges,  and  to 
have  introduced  the  word,  is  Demeste;"  although  Wallerius^^  had 
already  said,  in  speaking  of  the  various  crystalline  forms  of  calcspar, 
**I  conceive  it  would  be  better  not  to  attend  to  all  differences,  lest  we 
be  overwhelmed  by  the  number."  And  Werner,  in  his  celebrated 
WOTk  On  the  External  Characters  of  Minerals,^*  had  formally  spoken 
of  truncation^  acuationy  and  acumlnationy  or  replacement  by  a  plane, 
an  edge,  a  point  respectively,  {abstumpfung^  zuschdrfang^  zuspitzung^ 
as  waya  in  which  the  forms  of  crystals  are  modified  and  often  dis- 
guised. He  applied  this  process  in  particular  to  show  the  connexion 
of  the  various  forms  which  are  related  to  the  cube.  But  still  the 
extension  of  the  process  to  the  whole  range  of  minerals  and  other 
ciystalline  bodies,  was  due  to  Rom6  do  Lisle. 


'*  LeUr6M,  1779,  L  48.  '^  Bytema  Minerahgievm,  1772-5, 1  148. 
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CHAPTER  IL 

Epoch  of  Rom£  de  Lislb  and  Haut. — ^Ebtablishmxht  oi  in  ^ 
FiziTT  OF  Crystalline  Angles,  and  the  Simplicitt  of  nt  - 
Laws  of  Derivation.  — - 

F!  have  already  seen  that,  before  1780,  seyeral  minendo^stB  had  ^ 
recognized  the  constancy  of  the  angles  of  ciystala,  and  had  M(i  « 
(as  D6meste  and  Werner,)  that  the  forms  were  subject  to  modificitioM  r;^ 
of  a  definite  kind.    Bat  neither  of  these  two  thonghts  was  so  wfif»  |^ 
hended  and  so  developed,  as  to  supersede  the  occasion  for  a  diaoofM  .^ 
who  should  put  forward  these  principles  as  what  they  really  were^  the  ^ 
materials  of  a  new  and  complete  science.    The  merit  of  this  itap  r^ 
belongs  jointly  to  Rom6  dc  Lisle  and  to  Hauy.    The  former  of  dMM  ^ 
two  men  had  ah*eady,  in  1772,  published  an  JSssai  de  CrystaUo^prapkkf  ^ 
in  which  he  had  described  a  number  of  crystals.    But  in  this  mA  ^ 
his  views  are  still  rude  and  vague ;  he  does  not  estabHah  any  OOB-   t 
nected  sequence  of  transitions  in  each  kind  of  substance,  and  Iqi   ^ 
little  or  no  stress  on  the  angles.    But  in  1783,  his  ideas  ^  had  leadiad   ,^ 
a  maturity  which,  by  comparison,  excites  our  admiration.     In  this  he   ^ 
asserts,  in  the  most  distinct  manner,  the  invariability/  of  the  angles  of    , 
crptals  of  each  kind,  under  all  the  changes  of  relative  dimension   ^ 
which  the  faces  may  undergo;*  and  he  points  out  that  this  inntfi- 
ability  applies  only  to  the  primitive  forms,  from  each  of  which  many 
secondary  forms  are  derived  by  various  changes.'    Thus  we  cannot 
deny  him  the  merit  of  having  taken  steady  hold  on  both  the  handles 
of  this  discovery,  though  something  still  remained  for  another  to  do. 
Rom6  pursues  his  general  ideas  into  detail  with  great  labor  and  ddlL 
He  gives  drawings  of  more  than  five  hundred  regular  forms  (in  his 
first  work  he  had  inserted  only  one  hundred  and  ten ;  Linnssna  oidj 
knew  forty);   and  assigns  them  to  their  proper  substances;  for  in- 
stance, thjjrty  to  calcspar,  and  sixteen  to  felspar.    He  also  invented 
and  used  a  goniometer.    We  cannot  doubt  that  he  would  have  been 
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Uri  iqpon  m  a  gmt  djaooverer,  if  hit  finne  hid  not  been  dfanmed 

»  ^itaon  briUknt  tocceei  d  hb  oontemponrj  Hefty. 

Ifn^nit  Hatly  is  lightlj  looked  npon  es  the  loonder  of  the 

nktn  echool  of  cxyBtellography ;  for  all  those  whohmvei  since  him, 

\  I^Md  the  Btndy  with  socoees^  hmve  taken  his  yfews  for  their  basis. 

I  poHiahing  a  system  of  ciystallognphy  and  of  mineralogy,  &r 

[  ||H  eoD^Iele  than  ai^  which  had  yet  appeared,  the  pecoliar  steps  in 

\  which  belong  to  him  are,  the  discorery  of  the  importanoe 

and  the  conseqaent  expression  of  the  laws  of  derivation 

'  from  primary  fbims,  by  means  of  the  (kenmenU  of  the 

fhfen  ci  intagrmU  moieeuiet. 

*  of  these  diseoveries  had  already  been,  in  some  measors^ 
by  Beigman,  who  had,  in  1778,  conceiTed  a  hexagonal- 
be  built  op  by  the  jaxt^Kmtion  of  solid  rhombs  on  the 
'  •  iliombic  nwdeos.^  It  is  not  dear*  whether  Haty  was 
with  Beigman's  Memoir,  at  the  time  when  the  dear- 
00^m-hiBUi(gofnal  prism  of  calcspar,  accidentally  obtained,  led  him 
I  ecAeeptlon  of  its  stractore.  Bnt  however  this  mi^^t  be, 
k  Aa  indiqintsble  credit  of  Mowing  out  this  conception  with 
r  of  originality,  and  with  the  most  laborioos  and  perwve^ 
tag  ^HfeMslBeaB ;  indeed  he  made  it  the  bnnness  of  his  life.  The 
Ig^ilbaribof  asolid,bmltnpof  small  solids,  had  this  pecnliar  adnm- 
1^  ii  iefarence  to  crystallography ;  it  rendeied  a  reason  of  this 
hftflt;— that  a  certain  series  of  forms  oceor  in  crystals  of  the 
I  Idbid,  while  other  forms,  apparently  intermediate  between  those 
L  actually  occur,  are  rigorously  excluded.  The  doctrine  of  decre- 
hi  e^ilaiimd  this ;  fer  by  placing  a  number  of  regularly-decreasing 
\  of  eqnal  solids,  as,  for  instance,  of  bricks,  npon  one  another,  we 
form  a  regular  equal-sided  triangle,  as  the  gable  of  a  honse ; 
alif  the  breadth  of  the  gable  were  one  hundred  bricks,  the  height 
ef  Hie  triangle  might  be  one  hundred,  or  fifty,  or  twenty-five ;  but  it 
be  lonnd  that  if  the  height  were  an  intermediate  number,  as 
,  or  forty-three,  the  edge  of  the  wall  would  become  irregu- 
lar; and  aodi  irregularity  is  assumed  to  be  inadmissible  in  the  regular 
I  of  crystals.  Thus  this  mode  of  conceiring  crystals  allows  of 
\  definite  secondary  forms,  and  no  others. 
The  mathematical  deduction  of  the  dimensions  and  proportiona 
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1  eocondary  forms; — the   invention  of  a  notation  to   expn 
-tlie  examination  of  the  whole  mineral  kingdom  in  accordan 
CSC  views  •j—UiQ  production  of  a  work'  in  which  they  s 
d  witli  singular  clearneas  ami  vivacity  ; — arc  seniccs  by  whi 
di]v  earned  the  ad  mi  rati  on  which  haa  he  en  bestowed  up 
Ije  Avondcrtal  copiouanefis  and  variety  of  tlio  forms  and  la 
1  he  was  led,  tiioroughJy  exercised  and  nourished  the  spi 
ctiou  and  calculation  which  his  discaveries  excited  in  hi 
der  may  fonn  some  conception  of  the  extent  of  hb  labors^ ' 
Id — that  the  mere  geometrical  ppopoaitions  which  he  found 
y  to  premise  to  his  spocial  descriptions,  occupy  a  volume  a 
>f  bia  work', — that  his  diagrams  are  nearly  a  thousand 
; — tbat  in  one   single  substance  (calcspar)  ho  has  describ 
^en  varieties  of  form  ; — and  that  he  has  described  one  kind 
called  by  him  fer  sul/ari  paralUlique)  which  has  one  hi] 
i  tliirty-lour  face*, 

[?  course  of  a  long  life,  he  examined,  with  considerable  ou 
ormB  he  could  procure  of  all  kinds  of  minera) ;  and  the  int' 
ti  wliioh  he  gave  of  the  lawa  of  those  forms  was,  in  many  cas 

1 
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piefioiiflly  been  confoanded.  Among  crystals  which  in  the  collections 
w»e  ranked  together  as  ^  heavy  spar/'  and  which  were  so  perfect  as 
to  admit  of  accorate  measnrement,  he  found  that  those  which  were 
bnmght  from  Sicily,  and  those  of  Derbyshire,  differed  in  their  cleavage 
angle  by  three  degrees  and  a  hal£  "  I  could  not  suppose,"  he  says,* 
'^that  this  difference  was  the  effect  of  any  law  of  decrement ;  for  it 
would  have  been  necessary  to  suppose  so  rapid  and  complex  a  law, 
that  such  an  hypothesis  might  have  been  justly  regarded  as  an  abuse 
of  the  theory."  He  was,  therefore,  in  great  perplexity.  But  a  little 
while  previous  to  this,  Elaproth  had  discovered  that  there  is  an  earth 
which,  though  in  many  respects  it  resembles  baryta,  is  different 
from  it  in  other  respects ;  and  this  earth,  from  the  place  where  it  was 
(bond  (in  Scothmd),  had  been  named  Strontia,  The  French  chemists 
had  iecertained  that  the  two  earths  had,  in  some  cases,  been  mixed  or 
confounded ;  and  Yauquelin,  on  examining  the  Sicilian  crystals,  found 
that  their  base  was  strontia,  and  not,  as  in  the  Derbyshire  ones, 
baryta.  The  riddle  was  now  read ;  all  the  crystals  with  the  larger 
angle  belong  to  the  one,  all  those  with  the  smaller,  to  the  other,  of 
these  two  sulphates ;  and  crystallometry  was  clearly  recognized  as  an 
authorised  test  of  the  difference  of  substances  which  nearly  resemble 
each  other. 

Enough  has  been  said,  probably,  to  enable  the  reader  to  judge  how 
much  each  of  the  two  persons,  now  under  review,  contributed  to  crys- 
tallogn^hy.  It  would  be  unwise  to  compare  such  contributions  to 
science  with  the  great  discoveries  of  astronomy  and  chemistry ;  and 
we  have  seen  how  nearly  the  predecessors  of  Rom6  and  Haiiy  had 
reached  the  point  of  knowledge  on  which  these  two  crystallographers 
took  their  stand.  But  yet  it  is  impossible  not  to  allow,  that  in  these 
discoveries,  which  thus  gave  form  and  substance  to  the  science  of  crys- 
tallography, we  have  a  manifestation  of  no  common  sagacity  and  skill. 
Here,  as  in  other  discoveries,  were  required  ideas  and  facts ; — clearness 
of  geometrical  conception  which  could  deal  with  most  complex  rela- 
tions of  form ;  a  minute  and  extensive  acquaintance  with  actual  crys- 
tals ;  and  the  talent  and  habit  of  referring  these  facts  to  the  general 
ideas.  Hatly,  in  particular,  was  happily  endowed  for  his  task.  With- 
out being  a  great  mathematician,  he  was  sufSciently  a  geometer  to 
solve  all  the  problems  which  his  undertaking  demanded ;  and  though 
the  mathematical  reasoning  might  have  been  made  more  compendious 
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by  one  who  was  more  at  home  in  mathematical  generaliiationf  proba- 
bly this  could  hardly  have  been  done  without  making  the  salject  Urn 
accessible  and  less  attractive  to  persons  moderatdy  disciplined  in  nrn^ 
thematics.  In  all  his  reasonings  upon  particular  cases^  HaHy  is  aeoli 
and  clear ;  while  his  general  views  appear  to  be  snggested  rather  hfk 
lively  fimcy  than  by  a  sage  inductive  spirit :  and  though  he  thna  mimm 
the  character  of  a  great  philosopher,  the  vivacity  of  style,  and  U&S^ 
and  happiness  of  illustration,  which  grace  his  book,  and  which  agnt 
well  with  the  character  of  an  Abb6  of  the  old  French  monarchy,  had 
a  great  and  useful  influence  on  the  progress  of  the  subject 

Unfortunately  Rom6  de  Lisle  and  Hatly  were  not  only  rivak,  bol 
in  some  measure  enemies.  The  former  might  naturally  feel  aoni 
vexation  at  finding  himself  in  his  later  years  (he  died  in  1790),  thiowi 
into  shade  by  his  more  brilliant  successor.  In  reference  to  Ally's  vm 
of  cleavage,  he  speaks'  of  ^  innovators  in  crystallography,  who  may 
properly  be  called  erystalloclasts,^  Yet  he  adopted,  in  great  meason^ 
the  same  views  of  the  formation  of  crystals  by  laminse,*  which  HaOy 
illustrated  by  the  destructive  process  at  which  he  thus  sneers.  Hk 
sensitiveness  was  kept  alive  by  the  conduct  of  the  Academy  of  Sdenoei^ 
which  took  no  notice  of  him  and  his  labors  ]^^  probably  because  it  was 
led  by  Buffon,  who  disliked  Linnaeus,  and  might  dislike  Rom^  as  hk 
follower ;  and  who,  as  we  have  seen,  despised  crystallography.  Hatly 
revenged  himself  by  rarely  mentioning  Rom6  in  his  worts,  though  it 
was  manifest  that  his  obligations  to  him  were  immense ;  and  by  record- 
ing his  errors  while  he  corrected  them.  More  fortunate  than  his  rivi], 
Haiiy  was,  from  the  first,  received  with  favor  and  applause.  His  lee^ 
tures  at  Paris  were  eagerly  listened  to  by  persons  from  all  quarters  of 
the  world.  His  views  were,  in  this  manner,  speedily  diffused ;  and  the 
subject  was  soon  pursued,  in  various  ways,  by  mathematiciaiia  and 
mineralogists  in  every  country  of  Europe. 


CHAPTER  m. 
Reokption  and  Corrections  ^f  the  Uauian  Cbystalloo&apbt. 

I  HAVE  not  hitherto  noticed  the  imperfections  of  the  crystallographic 
views  and  methods  of  Haliy,  because  my  business  in  the  last  section 
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was  to  mark  the  pennaDent  additions  he  made  to  the  science.  His 
sytiem  did,  however,  require  completion  and  rectification  in  varioiis 
ymttB ;  and  in  speaking  of  the  crystEdlographers  of  the  subsequent  time, 
who  may  all  be  considered  as  the  cultivators  of  the  Hauian  doctrines, 
we  moat  also  consider  what  they  did  in  correcting  them. 

The  three  main  points  in  which  this  improvement  was  needed  were; — 
a  better  determination  of  the  crystalline  forms  of  the  special  sub- 
rtanoea ; — a  more  general  and  less  arbitrary  method  of  considering 
ciystalline  ibrms  according  to  their  symmetry;  and  a  detection  of 
more  general  conditions  by  which  the  crystalline  angle  is  regulated. 
Ihe  first  of  these  processes  may  be  considered  as  the  natural  sequel 
at  the  Hanian  epoch :  the  other  two  must  be  treated  as  separate  steps 
of  diacoverj. 

When  it  appeared  that  the  angle  of  natural  or  of  cleavage  faces 
eonld  be  used  to  determine  the  differences  of  minerals,  it  became  im- 
portant to  measure  this  angle  with  accuracy.  HaUy's  measurements 
were  found  very  inaccurate  by  many  succeeding  crystallographers : 
Mobs  says'  that  they  arc  so  generally  inaccurate,  that  no  confidence 
can  be  placed  in  them.  This  was  said,  of  course,  according  to  the 
more  rigorous  notions  of  accuracy  to  which  the  establishment  of  Hauy's 
system  led*  Among  the  persons  who  principally  labored  in  ascertain- 
ing, with  precision,  the  crystalline  angles  of  minerals,  were  several 
Englishmen,  especially  Wollaston,  Phillips,  and  Brooke.  Wollaston, 
by  the  invention  of  his  Reflecting  Goniometer,  placed  an  entirely  new 
degree  of  accuracy  within  the  reach  of  the  crystallographer ;  the  angle 
of  two  &ce8  being,  in  this  instrument,  measured  by  means  of  the 
reflected  images  of  bright  objects  seen  in  them,  so  that  the  measure  is 
the  more  accurate  the  more  minute  the  faces  are.  In  the  use  of  this 
instroment,  no  one  was  more  laborious  and  successful  than  William 
Phillips,  whose  power  of  apprehending  the  most  complex  forms  with 
steadiness  and  clearness,  led  Wollaston  to  say  that  he  had  **'  a  geome- 
trical sense."  Phillips  published  a  Treatise  on  Mineralogy,  containing 
a  great  collection  of  such  determinations ;  and  Mr.  Brooke,  a  crystal- 
lographer of  the  same  exact  and  careful  school,  has  also  published 
levenJ  works  of  the  same  kind.  The  precise  measurement  of  crys- 
talline angles  must  be  the  familiar  employment  of  all  who  study 
crystallography;  and,  therefore,  any  further  enumeration  of  thoae 
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who  have  added  in  this  way  to  the  stock  of  knowledge,  would  hi 
snperflnoQs.  * 

Nor  need  I  dwell  lon«r  on  those  who  added  to  the  knowledge  whki 
Hatly  left,  of  derived  forms.  The  most  remarkable  work  of  this  kM 
was  that  of  Coant  Boomon,  who  pnblished  a  work  on  a  single  minetil 
(calcspar)  in  three  quarto  volumes.*  He  has  here  given  representatioab 
of  seven  hundred  forms  of  crystals,  of  which,  however,  only  fiffy-rft 
are  essentially  different  From  this  example  the  reader  may  jndgi 
what  a  length  of  time,  and  what  a  number  of  observers  and  Galcab=- 
tors,  were  requisite  to  exhaust  the  subject 

If  the  calculations,  thus  occasioned,  had  been  ccudncted  upon  the 
basis  of  HaU/s  system,  without  any  further  generalization,  they  wodd 
have  belonged  to  that  process,  the  natural  sequel  of  inductive  discove- 
ries, which  we  call  deduction ;  and  would  have  needed  only  a  veiy 
brief  notice  here.  But  some  additional  steps  were  made  in  the  upward 
road  to  scientific  truth,  and  of  these  we  must  now  give  an  account 


CHAPTER  IV. 

ESTABUSHMEMT   OF   THE    DISTINCTION    OF   StSTEMS    OF   CrTSTALLQA- 

TiON. — ^Wbiss  and  Mohs. 

P'  Hatly's  views,  as  generally  happens  in  new  systems,  however  true, 
there  was  involved  something  that  was  arbitrary,  something  that 
was  false  or  doubtful,  something  that  was  unnecessarily  limited.  The 
principal  points  of  this  kind  were; — his  having  made  the  laws  of 
crystalline  derivation  depend  so  much  upon  cleavage; — his  having 
assumed  an  atomic  constitution  of  bodies  as  an  essential  part  of  his 
system ;  and  his  having  taken  a  set  of  primaiy  forms,  which,  being 
selected  by  no  general  view,  were  partly  superfluous,  and  partly 
defective. 

How  far  evidence,  such  as  has  been  referred  to  by  various  philoso- 
phers, has  proved,  or  can  prove,  that  bodies  are  constituted  of  indivisi- 
ble atoms,  will  be  more  fully  examined  in  the  work  which  treats  of 
the  Philosophy  of  this  subject    There  can  be  little  doubt  that  the 


*  Traits  eompUt  de  la  CKaux  Oarbonatie  €t  dAragonite,  par  M.  le  Comte  de 
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portkyn  of  Hatly's  doctrine  which  most  riveted  popular  attention  and 
Wffkaaej  was  his  dissection  of  crystals,  in  a  manner  which  was  sup- 
|qm1  to  lead  actually  to  their  ultimate  material  elements.  Yet  it  is 
dm^  thftfc  since  the  solids  given  by  cleavage  are,  in  many  cases,  such 
m  caimot  make  up  a  solid  space,  the  primary  conception  of  a  neces- 
■J  geometiical  identity  between  the  results  of  division  and  the 
(kncnts  of  composition,  which  is  the  sole  foundation  of^the  supposi- 
tion that  crystallography  points  out  the  actual  elements,  disappears  on 
kmg  scmtinized :  and  when  HaQy,  pressed  by  this  difficulty,  as  in  the 
em  of  flaornspar,  put  his  integrant  octohedral  molecules  together, 
kindling  by  the  edges  only,  his  method  became  an  empty  geometrical 
diiliim,  with  no  physical  moaning. 

Hie  real  &ct,  divested  of  the  hypothesis  which  was  contained  in  the 
fiction  of  decrements,  was,  that  when  the  relation  of  the  derivative  to 
the  primary  faces  is  expressed  by  means  of  numerical  indices,  these 
nombers  are  int^ers,  and  generally  very  small  ones ;  and  this  was  ^ 
tht  form  which  the  law  gradually  assumed,  as  the  method  of  deriva- 
tion was  made  more  general  and  simple  by  Weiss  and  others. 

**When,  in  1809, 1  published  my  Dissertation,"  says  Weiss,*  "I 
shared  the  common  opinion  as  to  the  necessity  of  the  assumption  and 
the  reality  of  the  existence  of  a  primitive  form,  at  least  in  a  sense 
Dot  very  different  from  the  usual  sense  of  the  expression.  While  I 
sought,"  he  adds,  referring  to  certain  doctrines  of  general  philosophy 
which  he  and  others  entertained,  "a  dynamical  ground  for  this, 
h^tead  of  the  untenable  atomistic  view,  I  found  that,  out  of  my 
primitive  forms,  there  was  gradually  unfolded  to  my  hands,  that 
which  really  governs  them,  and  is  not  affected  by  their  casual  fluctua- 
tions, ^e  fundamental  relations  of  those  Dimensions  according  to 
which  a  multiplicity  of  internal  oppositions,  necessarily  and  mutually 
interdependent,  arc  developed  in  the  mass,  each  having  its  own  pola- 
rity ;  so  that  the  crystalline  character  is  co-extensive  with  these  pola- 
rities." 

The  "Dimensions"  of  which  Weiss  here  speaks,  are  the  Axes  of 
Symmetry  of  the  crystal ;  that  is,  those  lines  in  reference  to  which, 
every  face  is  accompanied  by  other  faces,  having  like  positions  and 
properties,     Thus  a  rhomb,  or  more  properly  a  rhombohedron^  of 


'Mem,  Acad,  Berl.  1816,  pi  807. 

'  I  use  this  name  for  the  eolid  fignre,  since  rhomb  hos  always  been  used  for 
a  {dane  figure. 
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calc8par  may  bo  placed  with  one  of  its  obtoBO  cornere  appennott»  it 
that  all  the  three  &ces  which  meet  there  are  equally  indmed  to  A* 
vertical  line.  In  this  position,  every  derivative  free,  which  ia  obtaiBa4 
by  any  modification  of  the  fisu^es  or  edges  of  the  rhombdhedlOl^ 
implies  cither  three  or  six  such  derivative  &ces;  for  no  one  oC  tte 
three  upper  &ce8  of  the  rhombohedron  has  any  character  or  pnip«lp 
different  from  the  other  two ;  and,  therefore,  there  is  no  reason  far  Htm 
existence  of  a  derivative  from  one  of  these  primitive  faces,  which  dMi 
not  equally  hold  for  the  other  primitive  fiices.  Hence  the  denTatipp 
forms  will,  in  all  cases,  contain  none  but  feces  connected  by  this  kind 
of  correspondence.  The  axis  thus  made  vertical  will  be  an  Azh  of 
Symmetry,  and  the  crystal  will  consist  of  three  divisions,  ranged  ronai 
this  axis,  and  exactly  resembling  each  other.  According  to  WeiM^b 
nomenclature,  such  a  crystal  is  "  three-and-three-membercd." 

But  this  is  only  one  of  the  kinds  of  symmetry  which  ciystalline  fbrna 
^  may  exhibit  They  may  have  three  axes  of  complete  and  eqwd  ajoi- 
metiy  at  right  angles  to  each  other,  as  the  cube  and  the  regular  ocU^ 
hcdron ; — or,  two  axes  of  equal  symmetry,  perpendicular  to  each  othor 
and  to  a  third  axis,  which  is  not  affected  with  the  same  symmetiy 
with  which  they  are ;  such  a  figure  is  a  square  pyramid ; — or  thif 
may  have  three  rectangular  axes,  all  of  unequal  symmetry,  the  modifi- 
cations refemng  to  each  axis  separately  from  the  other  two. 

These  arc  essential  and  necessary  distinctions  of  crystalline  fann ; 
and  the  introduction  of  a  classification  of  forms  founded  on  such  rela- 
tions, or,  as  they  were  called.  Systems  of  Crystallization^  was  a  greil 
improvement  upon  the  divisions  of  the  earlier  crystallographei%  f» 
those  divisions  were  separated  according  to  certain  arbitrarily-assumed 
primary  forms.  Thus  Rome  de  Lisle*s  fundamental  forms  were,  the 
tetrahedron,  the  cube,  the  octohedron,  the  rhombic  prism,  the  rhombic 
octohedron,  the  dodecahedron  with  triangular  faces  :  HaUy's  primaiy 
forms  are  the  cube,  the  rhombohedron,  the  oblique  rhombic  prism,  the 
right  rhombic  prism,  the  rhombic  dodecahedron,  the  regular  octohe- 
dron, tetrahedron,  and  six-sided  prism,  and  the  bipyramidal  dodecahe- 
dron. This  division,  as  I  have  already  said,  errs  both  by  exccsa  and 
defect,  for  some  of  these  primary  forms  might  be  made  derivatives  from 
otliers ;  and  no  solid  reason  could  be  assigned  why  they  were  not 
Thus  the  cube  may  be  derived  from  the  tetrahedron,  by  truncating  the 
edges ;  and  the  rhombic  dodecahedron  again  from  the  cube,  by  trun- 
cating its  edges ;  while  the  square  p3rramid  could  not  be  legitimately 
identified  with  the  derivative  of  any  of  these  forms ;  for  if  we  were  to 
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» it  from  the  rhombic  prism,  why  fihould  the  acute  angles  always 
■ffer  decrements  corresponding  in  a  certain  way  to  those  of  the  obtuse 
m^lm,  as  they  must  do  in  order  to  give  rise  to  a  square  pyramid  ? 

Ihe  introdaction  of  the  method  of  reference  to  Systems  of  Crystal- 
WbB  has  been  a  subject  of  controversy,  ^ome  ascribing  this  valuable 
iipio  Weiss,  and  some  to  Mobs.'  It  appears,  I  think,  on  the  whole, 
iafc  Weiss  first  published  works  in  which  the  method  is  employed; 
tik  that  Mohs,  by  applying  it  to  all  the  known  species  of  minerals,  hae 
hi  Ae  merit  of  making  it  the  basis  of  real  crystallography.  Weiss, 
■  1809,  published  a  Dissertation  On  the  mode  of  investigating  the 
fnM^ptd  geometrical  character  of  crystalline  for  ms^  in  which  he  says,* 
subpart,  line,  or  quantity,  is  so  important  as  the  axis ;  no  considera- 
tioaii  more  essential  or  of  a  higher  order  than  the  relation  of  a  crystal- 
fiae  plane  to  the  axis  ;^*  and  again,  '*  An  axis  is  any  line  governing  the 
%Bre,  about  which  all  parts  are  similarly  disposed,  and  with  reference 
tliiueh  they  correspond  mutually."  This  he  soon  followed  out  by 
fwmination  of  some  difficult  cases,  as  Felspar  and  Epidote.  In  the 
Manoirs  of  the  Berlin  Academy,*  for  1814-15,  he  published  An  Ex- 
Mifioa  of  the  natural  Divisions  of  Systems  of  Crystallization.  In 
this  MeDKnr,  his  divisions  are  as  follows  : — The  regular  system,  thc/owr- 
wiembertdy  the  two-and-two-memheredy  the  three-and-three-membered, 
md  some  others  of  inferior  degrees  of  symmetry.  These  divisions  are 
bvMohs  (^Outlines  of  Mineralogy  y  1822),  termed  the  iessular^  pyrami- 
ial,  prismatic,  and  rhombohedral  systems  respectively.  Hausraann,  in 
his  Investigations  concerning  the  Forms  of  Inanimate  Nature,*  makes 
1  nearly  corresponding  arrangement ; — the  isometric,  monodimctric, 
trimetric,  and  monotrimetic  ;  and  one  or  other  of  these  sets  of  terms 
litvc  been  adopted  by  most  succeeding  writers. 

In  order  to  make  the  distinctions  more  apparent,  I  have  purposely 
omitted  to  speak  of  the  systems  which  arise  when  the  prismatic  system 
loses  some  part  of  its  symmetry  ; — wlien  it  has  only  half  or  a  quarter  its 
eomplcte  number  of  faces ; — or,  according  to  Mohs's  phraseology,  when 
it  is  hemihedral  or  tetartohedral.  Such  systems  are  represented  by  the 
sb^ly-obliqne  or  doubly-oblique  prism  ;  they  are  termed  by  Weiss 
two^and-one-membered,  and  one-and-one-memhered  ;  by  other  writers, 
Mcnoilinometric,  and  TrikUnometric  Systems.     There  are  also  other 


•  Sdin,  Phil  Trant,  1828,  vols.  xv.  and  xvi  *  pp.  16,  42. 
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made  by  Levy,  Naomann,  Grassmann,  Eupffer,  Hessel,  and  by  Profes- 
sor Miller  among  onraelves.  I  may  notice  that  one  great  improvement 
WM^  the  method  introduced  by  Monteiro  and  Levy,  of  determining  the 
IfWB  of  deriyation  of  forces  by  means  of  the  parallelisms  of  edges ; 
idneh  was  afterwards  extended  so  that  &ces  were  considered  as  belong- 
ing to  Mones.  Nor  need  I  attempt  to  enumerate  (what  indeed  it  would 
be  difficult  to  describe  in  words)  the  various  methods  of  notation  by 
which  it  has  been  proposed  to  represent  the  faces  of  crystals,  and  to 
fiualitate  the  calculations  which  have  reference  to  them. 

[2nd  Ed.]  [My  Memoir  of  1825  depended  on  the  views  of  Hatly  in 
80  &r  as  that  I  started  from  his  ^  primitive  forms ;"  but  being  a  general 
mdhod  of  expressing  all  forms  by  co-ordinates,  it  was  very  little 
governed  by  these  views.  The  mode  of  representing  crystalline  forms 
which  I  proposed  seemed  to  contain  its  own  evidence  of  being  more 
true  to  nature  than  Hatly's  theory  of  decrements,  inasmuch  as  my 
method  expressed  the  faces  at  much  lower  numbers.  I  determine  a 
fiice  by  means  of  the  dimensions  of  the  primary  form  divided  by  certain 
nmnbers ;  HaUy  had  expressed  the  &ce  virtually  by  the  same  dimen- 
sions multiplied  by  numbers.  In  cases  where  my  notation  gives  such 
nmnb^B  as  (3,  4,  1),  (1,  3,  7),  (5,  1,  19),  his  method  involves  the 
higher  numbers  (4,  3,  12),  (21,  7,  3),  (19,  96,  6).  My  method  how- 
ever has^  I  believe,  little  value  as  a  method  of ''  cdUtdating  the  angles 
of  crystals.'* 

M.  Neumann,  of  Ednigsberg,  introduced  a  very  convenient  and 
degant  mode  of  representing  the  position  of  faces  of  crystals  by  corre- 
sponding points  on  the  surface  of  a  circumscribing  sphere.  He  gave 
fin  1823)  the  laws  of  the  derivation  of  crystalline  faces,  expressed  geo- 
metrically by  the  intersection  of  zones,  {Beitrage  zur  Krystallonomie) 
The  same  method  of  indicating  the  position  of  &ces  of  crystals  was 
afterwards,  together  with  the  notation,  re-invented  by  M.  Grassmann, 
(Z«r  Krystallonomie  und  Geometrischen  Combinaiionslehrej  1629.) 
Aiding  himself  by  the  suggestions  of  these  writers,  and  partly  adopting 
my  method,  Prof.  Miller  has  produced  a  work  on  Crystallography  re- 
markable for  mathematical  elegance  and  symmetry ;  and  has  given 
expressions  really  useful  for  calculating  the  angles  of  crystalline  faces, 
{A  Treatise  on  Crystallography,    Cambridge,  1839.)] 

Confirmation  of  the  Distinction  of  Systems  by  the  Optical  Properties 
cf  Minerals, — Brewster, — I  must  not  omit  to  notice  the  striking  con- 
firmation which  the  distinction  of  systems  of  crystallization  received 
booL  optical  discoveries,  especially  those  of  Sir  D.  Brewster.    Of  the 
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history  of  this  very  ricli  and  beantifttl  department  of  science,  we  havf  i 
already  given  some  acconnt^  in  speaking  of  Optics.    Hie  fint  hdk  ^ 
which  were  noticed,  those  relating  to  doable  refraction,  belonged  e%  i 
closively  to  crystals  of  the  rhombdiedral  system.    The  splendid  plMr 
Domena  of  the  rings  and  lemniscates  produced  by  dipolarizing  cryitri^ 
were  afterwards  discovered ;  and  these  were,  in  1817,  clasnfied  bj  fiir 
David  Brewster,  according  to  the  crystalline  forms  to  which  tfciy  , 
belong.     This  classification,  on  comparison  with  the  distinction  cf.  .. 
Systems  of  Crystallization,  resolved  itself  into  a  necessary  relatidi  «C  . 
mathematical  symmetry :  all  crystals  of  the  pyramidal  and  rhomboliA- 
dral  systems,  which  from  their  geometrical  character  have  a  single  an  ^ 
of  symmetry,  are  also  optically  uniaxal,  and  produce  by  dipolariatiai  ^ 
circular  rings ;  while  the  prismatic  system,  which  has  no  sach  aingb  ^ 
axis,  but  three  nnequal  axes  of  symmetry,  is  optically  biaxal,  gives  I«ii»  ^ 
niscates  by  dipolarized  light,  and  according  to  Fresnel's  theory,  hai  ^ 
three  rectangular  axes  of  unequal  elasticity. 

[2nd  £d.]  [I  have  placed  Sir  David  Brewster^s  arrangement  of  ciyt-  ] 
tallino  forms  in  this  chapter,  as  an  event  belonging  to  the  confirmaUtm  ' 
of  the  distinctions  of  forms  introduced  by  Weiss  and  Mobs ;  becaoM 
that  arrangement  was  established,  not  on  crystallographical,  bat  on 
optical  grounds.  But  Sir  David  Brewster^s  optical  discovery  was  a 
much  greater  stop  in  science  than  the  systems  of  the  two  German  ciyi- 
tallographers ;  and  even  in  respect  to  the  crystallographical  principle^ 
Sir  D.  Brewster  had  an  independent  share  in  the  discovery.  He 
divided  crystalline  forms  into  three  classes,  enumerating  the  Hanlan 
^  primitive  forms"  which  belonged  to  each ;  and  as  he  found  some  ex- 
ceptions to  this  classification,  (such  as  idocrase,  &c.,)  he  ventured  to 
pronounce  that  in  those  substances  the  received  primitive  forms  were 
probably  erroneous;  a  judgment  which  was  soon  confirmed  by  a 
closer  crystallographical  scrutiny.  He  also  showed  his  perception  of 
the  mineralogical  importance  of  his  discovery  by  publishing  it,  not  only 
in  the  Phil,  Trans.  (1818),  but  also  in  the  Transactions  of  the  Wn- 
nerian  Society  of  Natural  History,  In  a  second  paper  inserted  in 
this  later  series,  read  in  1820,  he  further  notices  Mohs's  System  of  Ciya- 
tallography,  which  had  then  recently  appeared,  and  points  oat  its 
agreement  with  his  own. 

Another  reason  why  I  do  not  make  his  great  optical  discovery  a 
cardinal  point  in  the  history  of  crystallography  is,  that  as  a  crystallo- 
graphical system  it  is  incomplete.  Although  we  are  thus  led  to  dis- 
tinguish the  tettttjor  and  the  jmsmatie  systems  (using  Mohs*s  terms) 


I  the  rftoMMUtfm/  and  the  9qwxrt  prUmatie^  we  are  not  led  to 

.  the  latter  tiro  fixxm  each  oth^;  inaanroch  as  the^have  no 

of  ehaiacter.    Bat  this  distinction  is  qmte  <w«ntia^ 

r;  ton  these  two  systems  have  fiu;es  fonned  bj  laws 

;  aa  thoae  of  the  other  two  systems. 

r,  Weiss  and  Mdis  not  only  divided  crystalline  foims  into 

^  bat  showed  that  by  doing  this,  the  derivation  of  all  thi 

\  tnm  the  fondamental  ones  assomed  a  new  aspwt  of 

and  generality ;  and  thk  was  the  essential  part  of  what 

f  handy  I  do  not  think  it  is  too  mooh  to  say  as  I  ham 

I  aiUP  that  ^BbtD.  Brewster's  optical  eqieriments  most  have 

I  of  crystals  into  the  above  systems,  or  something 

r^uvaknt^evenifcrystabhadnot  been  so  smnged  by  atten* 

» their  fcrms.*^ 

■J  other  most  corioos  traias  of  research  have  eonfimied  the 
I  tnrth,  that  the  degree  and  kind  of  geometrical  symmetijoor- 
'  with  the  synmietry  of  the  optical  pn^pertieSi  As  an 
I  ef  llnii  emiaeBtly  striking  lor  its  sbgakritj,  we  may  notice 
of  Sir  John  Herschel,  that  the  irfo^aMfol  crystdBiaatiQai 
ir^fMrt^  by  which  it  exhibits  &ces  twUted  to  the  rig^t  or  the  kft,  is 
aeesnpanied  by  right-handed  or  l(^handed  drcolar  pdariiation  te* 
yeUtdy.  No  one  acquainted  with  the  subject  can  now  doubt,  that 
fte  correspondence  of  geometrical  and  optical  symmetry  is  of  the  most 
eeaqArte  and  fundamental  kind. 

[Snd  Ed.]  [Our  knowledge  with  respect  to  the  positions  of  the  opti* 
ed  axes  of  the  oblique  prismatic  crystals  is  still  imperfect  It  appears 
Is  be  ascertained  that,  in  singly  oblique  crystals,  one  of  the  axes  of 
sptieal  ehuticity  coincides  with  the  rectangular  ciystallographic  axis. 
h  doobly  oblique  crystals,  one  of  the  axes  of  optical  elasticity  is,  in 
,  coincident  with  the  axis  of  a  principal  zone.  I  believe  no 
t  determinate  laws  have  been  discovered.] 
Thus  the  highest  generalization  at  which  mathematical  crystallogra* 
fhsn  haeve  yet  arrived,  may  be  considered  as  fhlly  established ;  and 
Ae  science  of  Crystallography,  in  the  condition  in  which  these  place 
it,  is  fit  to  be  employed  as  one  of  the  members  of  Mineralogy,  and  thus 
to  fin  its  appropriate  place  and  office. 


•  Pkao99phy  of  ike  IndueHve  8cunee$,  B.  viiL  C  iiL  Art  8. 
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CHAPTER  VL 

CSORREOnON   OF  THE   LaW   OF  THE   BAMS  AnGLS  FOB  THB  8A1II  8lih 

STAKCB. 

DISCOVERY  OF  Isomorphism.  Mitschsrlioh. — ^The  discoTeiy^f 
which  we  now  have  to  speak  may  appear  at  first  sight  too  la|B 
to  be  included  in  the  history  of  crystallography,  and  may  seem  li 
belong  rather  to  chemistry.  But  it  is  to  be  recollected  that  ciyatefe 
graphy,  from  the  time  of  its  first  assuming  importance  in  the  haadt 
of  Hatly,  founded  its  claim  to  notice  entirely  upon  its  connexion  wlk 
chemistry ;  crystalline  forms  were  properties  of  something  ;  but  iiAi< 
that  something  was,  and  how  it  might  be  modified  without  becomuq^ 
something  else,  no  crystallographer  could  venture  to  decide,  withoui 
the  aid  of  chemical  analysis.  Hatly  had  assumed,  as  the  general  renlt 
of  his  researches,  that  the  same  chemical  elements,  combined  in  the 
same  proportions,  would  always  exhibit  the  same  crystalline  form ;  and 
reciprocally,  that  the  same  form  and  angles  (except  in  the  obvious  case 
of  the  tcssular  system,  in  which  the  angles  arc  determined  by  \\Mheing 
the  tessular  system,)  implied  the  same  chemical  constitution.  But 
this  dogma  could  only  be  considered  as  an  approximate  conjecture ; 
for  there  were  many  glaring  and  unexplained  exceptions  to  it.  He 
explanation  of  several  of  these  was  beautifully  described  by  the  dis- 
covery that  there  are  various  elements  which  are  isomorphous  to  each 
other ;  that  is,  such  that  one  may  take  the  place  of  another  without 
altering  the  cr}'stalline  form ;  and  thus  the  chemical  composition  may 
be  much  changed,  while  the  crystallographic  character  is  undisturbed. 
This  truth  had  been  caught  sight  of,  probably  as  a  guess  only,  by 
Fuchs  as  early  as  1815.  In  speaking  of  a  mineral  which  had  been 
called  Gehlenite,  he  says,  **  I  hold  the  oxide  of  iron,  not  for  an  essen- 
tial component  part  of  this  genus,  but  only  as  a  vicarious  element, 
replacing  so  much  lime.  We  shall  find  it  necessary  to  consider  the 
results  of  several  analyses  of  mineral  bodies  in  this  point  of  view,  if 
we  wish,  on  the  one  hand,  to  bring  them  into  agreement  with  the 
doctrine  of  chemical  proportions,  and  on  the  other,  to  avoid  unneces- 
sarily splitting  up  genera."     In  a  lecture  On  the  Mutual  Influence  oj 
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tkmkhy  and  Mineralogyy^  he  again  draws  attention  to  his  term 
MvwKf  {meaTirtndt)j  which  undoubtedly  expresses  the  nature  of  the 

foenl  law  afterwards  established  by  Mitscherlich  in  1822. 
But  Fnchs*s  conjectural  expression  was  only  a  prelude  to  Mitscher- 

Wt  experimental  discovery  of   isomorphism.     Till  many   careful 

atirses  had  giren  substance  and  signification  to  this  conception  of 
\  elements,  it  was  of  small  value.    Perhaps  no  one  was  more 

opiUe  than  Berzelius  of  turning  to  the  best  advantage  any  ideas 
tUch  were  current  in  the  chemical  world;  yet  wc  find  him,'  in  1820, 
Mling  upon  a  certam  vague  view  of  these  cases, — that  '*  oxides 
■ydi  contain  equal  doses  of  oxygen  must  have  their  general  proper- 
ties common  f  without  tracing  it  to  any  definite  conclusions.  But 
Yk  Kholar,  Mitscherlich,  gave  this  proposition  a  real  crystallographical 
Thus  he  found  that  the  carbonates  of  lime  (calcspar,)  of 
,  of  protoxide  of  iron,  and  of  protoxide  of  manganese,  agree 
ii  many  respects  of  form,  while  the  homologous  angles  vary  through 
OM  or  two  degrees  only ;  so  again  the  carbonates  of  baryta,  strontia, 
lead,  and  lime  (arragonite),  agree  nearly ;  the  different  kinds  of  felspar 
vary  only  by  the  substitution  of  one  alkali  for  another ;  the  phosphates 
are  almost  identical  with  the  arseniates  of  several  bases.  These,  and 
wnilar  results,  were  expressed  by  saying  that,  in  such  cases,  the 
b«ei^  lime,  protoxide  of  iron,  and  the  rest,  are  isomorphous  ;  or  in 
Ac  latter  instance,  that  the  arsenic  and  phosphoric  acids  are  isomor- 
pkms. 

Since,  in  some  of  these  cases,  the  substitution  of  one  clement  of  the 
isomorphous  group  for  another  does  alter  the  angle,  though  slightly,  it 
has  since  been  proposed  to  call  such  groups  plesiomorphous. 

This  discovery  of  isomorphism  was  of  great  importance,  and  excited 
nmch  attention  among  the  cliemists  of  Europe.  Tlie  history  of  its 
reception,  however,  belongs,  in  part^  to  the  classification  of  minerals; 
for  its  effect  was  immediately  to  metamorphose  tlie  existing  chemical 
^Btems  of  arrangement  But  even  those  cr}'stallograpliei's  and  chemists 
who  cared  little  for  general  systems  of  classification,  received  a  pow- 
erinl  impulse  by  the  expectation,  which  was  now  excited,  of  discover- 
ing definite  laws  connecting  chemical  constitution  with  crystalline  form. 
Such  investiirationa  were  soon  carried  on  with  great  activity.  Tims, 
at  a  recent  period,  Abich  analysed  a  number  of  tessular  minerals, 
^indle,  pleonaste,  gahnite,  franklinite,  and  chromic  iron  oxide ;   and 


'  Munich,  1820.  '  Et$ay  on  the  Tfteortf  of  Chemical  Proportioru,  p.  122. 
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seems  to  liavc  had  some  success  in  given  a  common  type  to  their  : 
chemical  formulas,  as  there  is  a  common  type  in  their  cryBtalliaitioii.    « 

[2nd  Ed.]     [It  will  be  seen  by  the  above  account  that  Prof.  IfiliA-  c 
erlich's  merit  in  the  great  discovery  of  Isomorphism  is  not  at  all  ntf*  i 
rowed  by  the  previous  conjectures  of  M.  Fuchs.    I  am  informed,  moi^ 
over,  that  M.  Fuchs  afterwards  (in  Schweigger's  Journal)  retracted  Hat  n 
opinions  he  had  put  forward  on  this  subject]  ■- 

Dimorphism. — My  business  is,  to  point  out  the  connected  tnrtfcl  ; 
which  have  been  obtained  by  philosophers,  rather  than  insnlated  iSt  \ 
ficulties  which  still  stand  out  to  perplex  them.  I  need  not»  therefen^ 
dwell  on  the  curious  cases  of  dimorphism  ;  cases  in  which  the  mmH 
definite  chemical  compound  of  the  same  elements  appears  to  have  tM 
different  forms ;  thus  the  carbonate  of  lime  has  two  forms,  edle^p&t 
and  arragonite,  which  belong  to  different  sjrstems  of  crystallintkm. 
Snch  facts  may  puzzle  us ;  but  they  hardly  interfere  with  any  recerred 
general  truths,  because  we  have  as  yet  no  truths  of  veiy  high  orto 
respecting  the  connexion  of  chemical  constitution  and  ciyBtallino  fordL 
Dimorphism  does  not  interfere  with  isomorphism ;  tiie  two  claaBea  cf 
fiusts  stand  at  the  same  stage  of  inductive  generalization,  and  we  mit 
for  some  higher  truth  which  shall  include  both,  and  rise  above  them. 

[2nd  £d.]  [For  additions  to  our  knowledge  of  the  Dimorphism  of 
Bodies,  see  Professor  Johnstone's  valuable  Report  on  that  subject  in  the 
Reports  of  the  British  Association  for  1837.  Substances  have  aho 
been  found  which  are  trim>orphous.  We  owe  to  Professor  Mitscheriidi 
the  discovery  of  dimorphism,  as  well  as  of  isomorphism :  and  to  him 
also  we  owe  the  greater  part  of  tlie  knowledge  to  which  these  disoo- 
veries  have  led.] 


CHAPTER  VII. 

Attempts  to  Establish  the  Fixity  of  other  Phtsical  Pbofbb- 
TIES. — ^Werner. 

THE  reflections  from  which  it  appeared,  (at  the  end  of  the  last 
Book,)  that  in  order  to  obtain  general  knowledge  respecting 
bodies,  we  must  give  scientific  fixity  to  our  appreciation  of  their  pro- 
peitiea,  applies  to  their  other  properties  as  well  as  to  their  crystalline 
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form.  And  tbongh  none  of  the  other  properties  have  yet  been 
referred  to  standards  so  definite  as  that  which  geometry  supplies  for 
oyitali^  a  system  has  been  introduced  which  makes  their  measures 
&r  more  constant  and  precise  than  they  are  to  a  common  undisciplined 


Hie  aathor  of  this  system  was  Abraham  GotUob  Werner,  who  had 
been  educated  in  the  institutions  which  the  Elector  of  Saxony  had 
established  at  the  mines  of  Freiberg.  Of  an  exact  and  methodical 
intellect^  and  of  great  acuteness  of  the  senses,  Werner  was  well  fitted 
for  the  task  of  giving  fixity  to  the  appreciation  of  outward  impressions; 
and  this  he  attempted  in  his  Dissertation  on  the  external  Characters 
efFouilMj  which  was  published  at  Leipzig  in  1774.  Of  the  precision 
of  his  estimation  of  such  characters,  we  may  judge  from  the  following 
stoiy,  told  by  his  biographer  Frisch.'  One  of  his  companions  had 
noeived  a  quantity  of  pieces  of  amber,  and  was  relating  to  Werner, 
theoi  very,  young,  that  he  had  found  in  the  lot  one  piece  from  which 
he  could  extract  no  signs  of  electricity.  Werner  requested  to  be 
allowed  to  put  his  hand  in  the  bag  which  contained  these  pieces,  and 
immediately  drew  out  the  unelectrical  piece.  It  was  yellow  chalce- 
dony, "which  is  distinguishable  from  amber  by  its  weight  and  coldness. 

The  principal  external  characters  which  were  subjected  by  Werner 
to  a  systematic  examination  were  color,  lustre,  hardness,  and  specific 
gr8?ity.  His  subdivisions  of  the  first  character  {Color\  were  very 
nomerons ;  yet  it  cannot  be  doubted  that  if  we  recollect  them  by  the 
eye,  and  not  by  their  names,  they  are  definite  and  valuable  characters, 
ud  especially  the  metallic  colors.  Breithaupt,  merely  by  the  aid  of 
this  character,  distinguished  two  new  compounds  among  the  small 
grains  found  along  with  the  grains  of  platinum,  and  usually  con- 
founded with  them.  The  kinds  of  Lustre^  namely,  glassy ^  fatty y  ada- 
manHney  metallicy  are,  when  used  in  the  same  manner,  equally  valu- 
able. Specific  Gravity  obviously  admits  of  a  numerical  measure ;  and 
the  Hardness  of  a  mineral  was  pretty  exactly  defined  by  the  sub- 
stances which  it  would  scratch,  and  by  which  it  was  capable  of  being 
scratched. 

Werner  soon  acquired  a  reputation  as  a  mineralogist,  which  drew 
persons  from  every  part  of  Europe  to  Freibei^  in  order  to  hear  his 
lectures;  and  thus  diffused  very  widely  his  mode  of  employing 
external  characters.    It  was,  indeed,  impossible  to  attend  so  closely  to 


•  Werner's  Zeben,  p.  26. 
Vox.  IL— 28. 
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these  characters  as  the  Wemerian  method  required,  withoat  fixidis 
that  they  were  more  distmctiTe  than  might  at  first  sight  be  imagiaac 
and  the  analogy  which  this  mode  of  stadying  Mineralogy  establish^ 
between  that  and  other  branches  of  Natoral  History,  recommended  tk 
method  to  those  in  whom  a  general  inclination  to  such  studies  va 
excited.  Thus  Professor  Jameson  of  Edinburgh,  who  had  been  cse 
of  the  pupils  of  Werner  at  Freiberg,  not  only  published  woifa  ■ 
which  he  promulgated  the  mineralogical  doctrines  €i  his  master,  fail 
established  in  Edinbuigh  a  ^  Wemeiian  Society,**  haYing  for  its  0I9NI 
the  general  cultivation  of  Natural  History. 

Werner's  standards  and  nomenclature  of  external  characters  wm 
somewhat  modified  by  Mohs,  who,  wiih  the  same  kinds  of  talents  sk 
views,  succeeded  him  at  Freiberg.  Mohs  reduced  hardness  to  numni 
cal  measure  by  selecting  ten  known  minerals,  each  harder  than  tib 
other  in  order,  from  tale  to  corundum  and  dianumdj  and  by  makai 
the  place  which  these  minerals  ocoupy  in  the  list,  the  numerical  uri 
sure  of  the  hardness  of  those  which  are  compared  with  them.  Tk 
result  of  the  application  of  this  fixed  measurement  and  nomenolittai 
of  external  characters  will  appear  in  the  History  of  Glassificalao^l 
which  we  now  proceed. 


SYSTEMATIC  MINERALOGY. 


CHAPTER  Vni. 

AtTIRPTB  at  THS  CLABSIFICATIOlf  OF  MINERALS. 


Sect.  1. — Proper  object  of  Classification, 

fllHE  fixity  of  the  crjBtalliiie  and  other  physical  properties  of  mine- 
-L  lala  18  tamed  to  account  by  being  made  the  means  of  classifying 
ndi  dfaycetSi  To  nse  the  language  of  Aristotle,^  Classification  is  the 
ardUlcefonip  science,  to  which  Crystallography  and  the  Doctrine  of 
External  Characters  are  subordinate  and  ministerial,  as  the  art  of  the 
briddajer  and  carpenter  are  to  that  of  the  architect  But  classification 
itself  is  naefol  only  as  subservient  to  an  ulterior  science,  which  shall 
fomish  us  with  knowledge  concerning  things  so  classified  To  classify 
is  to  divide  and  to  name ;  and  the  value  of  the  Divisions  which  we 
thus  make,  and  of  the  names  which  we  give  them,  is  this ; — that  they 
render  exact  knowledge  and  general  propositions  possible.  Now  the 
knowledge  which  we  principally  seek  concerning  minerals  is  a  know- 
ledge of  their  chemical  composition ;  the  general  propositions  to  which 
we  hope  to  be  led  are  such  as  assert  relations  between  their  intimate 
eoostitiition  and  their  external  attributes.  Thus  our  Mineralogical 
Cbssification  must  always  have  an  eye  turned  towards  Chenustry.  We 
cannot  get  rid  of  the  fundamental  conviction,  that  the  elementary 
composition  of  bodies,  since  it  fixes  their  essence,  must  determine 
tiieir  properties.  Hence  all  mineralogical  arrangements,  whether 
they  profess  it  or  not,  must  be,  in  effect,  chemical ;  they  must  have 
it  for  their  object  to  bring  into  view  a  set  of  relations,  which,  what- 
ever else  they  may  be,  are  at  least  chemical  relations.  We  may 
bqrin  with  the  outside,  but  it  is  only  in  order  to  reach  the  inner  struc 
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I  tntffas  coDcemmg  bodkiv  v^  Bnsi  hAve  the 
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liMry  btt  cftUed  opou  to  sopply  tlie  drjimitKjmt  ss  well  a&  the 

1  ^  atm«f«logj,  the  science  can  only  eonaast  e^  identical  pro- 

bvuifi$try  has  been  much  employed  in  mineraio^cA]  dA&sificft' 
tt  is  generally  believed,  with  advantage  to  the  soience ' 
[  cocksietent  with  what  has  been  said  i 
^  the  answer  ib,  that  when  this  ha^  been  done  with  advantaget 
i^.^riiy  of  external  characters,  as  well  as  of  chemical  constitution, 
|lv  Wen  brought  iifcto  play-     ^Ve  have  two  sets  of  propertiea  to 
chemical  and  physical ;  to  exhibit  the  connexion  of  tjieae  is 
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eeognized  in  the  fonnatioii  of  common  language ;  as  earthSj  9tofUi^ 
wtktii.  But  Buch  anangementB  were  manifestly  vagne  and  confbsed ; 
nd  when  chemistry  had  advanced  to  power  and  honor,  her  aid  was 
■tanlly  called  in  to  introdace  a  better  order.  ^  Hiame  and  Bromell 
fCM^  as  &r  as  I  know,"  says*  Gronstedt,  ^the  first  who  founded  any 
■inerai  system  upon  chemical  principles ;  to  them  we  owe  the  three 
known  divisions  of  the  most  simple  mineral  bodies ;  vis.,  the  calearei, 
Rfrvsemlei!,  and  apyriP  But  Gronstedt's  own  Esmy  towards  a  Syi- 
km  af  Mmeraiogyy  published  in  Swedish  in  1758,  had  perhi^  more 
ace  than  any  other,  upon  succeeding  systems.  In  this,  the  dis- 
1  <tf  earths  and  stones,  and  also  of  vitrescent  and  non-vitrescent 
CBtfas  (opyrt),  is  rejected.  The  earths  are  classed  as  ealcareotUj  sili- 
eeamt,  argillaeeouBy  and  the  like.  Again,  calcareous  earth  is  pure  (caU 
9fm)j  or  united  with  acid  of  vitriol  {ffyp9um\  or  united  with  the  muri- 
ilK  add  {ml  ammonicu:\  and  the  like.  It  is  easy  to  see  that  this  is 
the  method,  which,  in  its  general  principle,  has  been  continued  to  our 
own  time.  In  such  methods,  it  is  supposed  that  we  can  recognize  the 
tobitinoe  by  its  general  appearance,  and  on  this  assumption,  its  phice 
m  Ike  system  conveys  to  us  chemical  knowledge  concerning  it 

But  as  the  other  branches  of  Natural  History,  and  especially  Botany, 
ammed  a  systematic  form,  many  mineralogists  became  dissatisfied 
with  this  casual  and  superficial  mode  of  taking  account  of  external 
disrsctcrs;  they  became  convinced,  that  in  Mineralogy  as  in  other 
idences,  classification  must  have  its  system  and  its  rules.  The  views 
which  Werner  ascribes  to  his  teacher,  Pabst  van  Ohain,*  show  the  rise 
of  those  opinions  which  led  through  Werner  to  Mohs :  "  Ho  was  of 
opinion  that  a  natural  mineral  system  must  be  constructed  by  chemical 
determinations,  and  external  characters  at  the  same  time  {meihodiu 
mixta) ;  but  that  along  with  this,  mineralogists  ought  also  to  construct 
sod  employ  what  he  called  an  artificial  system^  which  might  serve  us 
as  a  guide  (loco  indicts)  how  to  introduce  newly-discovered  fossils  into 
the  system,  and  how  to  find  easily  and  quickly  those  already  known 
and  introduced."  Such  an  artificial  system,  containing  not  the  grounds 
of  classification,  but  marks  for  recognition,  was  afterwards  attempted 
by  Mohs,  and  termed  by  him  the  Characteristic  of  his  system. 

Wemer^s  System. — But,  in  the  mean  time,  Werner's  classification 
ha^l  an  extensive  reign,  and  this  was  still  a  mixed  system.  Werner 
himself  indeed,  never  published  a  system  of  mineralogy.    **  We  might 
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lagine,"  Onvier  says,*  "that  when  be  had  produced  his  nomeD- 
f  external  characters, he  was  aifrighted  with  bis  own  creation; 
the  reason  of  his  writing  so  little  after  his  first  etsay,  was  to 
e  Bhackl(?fl  which  ho  had  imposed  upon  others"     His  system 
cd,  made  known  both  in  and  out  of  Germany,  by  hb  pupils ; 
nnaeqncrce  of  Wemer^s  nuwillin^ess  to  give  it  on  bfs  own 
\  it  assume^J,  in  its  published  fonnsj  tbc  appearance  of  an 
pccrct  imperfectly  told.     A  Notice  of  th^  Mint^alo^ical  Cabi- 
fine-Dinclor  Pabvt  von  O^r'/i,  waa,  in   I'^QS,  published  by 
and  Hoffman,  under  Wemer^s  direction ;  and  conveyed  by 
his  ™wH  of  mineralogical  arrangement;  and*  in  1816  his 
of  Classi^cation  was  surreptitiously  copied  from  his  ms&ii- 
d  published  in  a  German  Journal,  termed  Tlie  HespentM,    But 
\y  in  1817,  after  his  death,  thnt  there  appeared  TTCTTwr'^Zo*/ 
Sij^km,  edited  from  his  papers  by  Breiihanpt  and  K5hlcr : 
his  time,  as  we  shall  eoou  sei^,  other  systems  were  coming 
on  tlio  stage, 

r  slight  notice  of  Werner^a  arrangement  will  suffice  to  show 
as  ns  wc  have  termed  it,  a  W\xcd  System,     He  makes  four 
isse^o^jgil!i^/^(n7^/^yt^//m^ 
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kre  been  the  first  person  to  see  the  immense  valno  of  the  most  marked 
df  atsnud  characters,  crystalline  form,  he  did  not,  in  fiict,  attach  much 
■portance  to  it  Perhaps  he  was  in  some  measure  fascinated  by  a 
tmbum  for  those  characters  which  he  had  himself  systematized,  and 
the  iftiidy  of  which  did  not  direct  him  to  look  for  geometrical  relations. 
Ifapffer  thia  may  be,  the  glory  of  giving  to  Crystallography  its  joat 
■portance  in  Mineralogy  is  dae  to  France :  and  the  Treatise  of  Hatly, 
piUiflhed  in  1801,  is  the  basis  of  the  best  succeeding  works  of  minera- 
logy. In  this  work,  the  arrangement  is  professedly  chemical ;  and  the 
ilnwifii  Btiim  thus  established  is  employed  as  the  means  of  enunciating 
oyitaDographic  and  other  properties.  **  The  principal  object  of  this 
TwisriHC,"  says  the  author,*  *'  is  the  exposition  and  development  of  a 
■ethod  fonnded  on  certain  principles,  which  may  serve  as  a  frame- 
woik  for  an  the  knowledge  which  Mineralogy  can  supply,  aided  by 
the  different  sciences  which  can  join  hands  with  her  and  march  on  the 
■me  line.  It  is  worthy  of  notice,  as  characteristic  of  this  period  of 
Mixed  Systems,  that  the  classification  of  Hatly,  though  founded  on 
piinciples  so  diflferent  from  the  Wemcrian  ones,  deviates  little  from 
it  IB  the  general  character  of  the  divisions.  Thus,  the  first  Order  of 
the  fiat  ClasB  of  HaQy  is  Addiferoia  Earthy  Substances  ;  the  first 
genu  ii  Inmt  ;  the  species  are.  Carbonate  of  lAmej  Phosphate  of  Limey 
FlwUe  ef  lAmet  Sulphate  of  Linie^  and  so  on. 

Other  Systems, — Such  mixed  methods  were  introduced  also  into 
tills  coontry,  and  have  prevailed,  we  may  say,  up  to  the  present  time. 
The  2iineralogy  of  William  Phillips,  which  was  published  in  1824, 
ind  which  was  an  extraordinary  treasure  of  crystallographic  facts,  was 
amnged  by  such  a  mixed  system ;  that  is,  by  a  system  professedly 
chemical ;  but,  inasmuch  as  a  rigid  chemical  system  is  impossible,  and 
the  aasomption  of  such  a  one  leads  into  glaring  absurdities,  the  system 
was,  in  this  and  other  attempts  of  the  same  kiiid,  corrected  by  the 
most  arbitrary  and  lax  application  of  other  considerations. 

It  is  a  curious  example  of  the  difference  of  national  intellectual  cha- 
racter, that  the  manifest  inconsistencies  of  the  prevalent  systems, 
which  led  in  Germany,  as  we  shall  see,  to  bold  and  sweeping  attempts 
at  reform,  produced  in  England  a  sort  of  contemptuous  despair  with 
r^ard  to  systems  in  general ; — a  belief  that  no  system  could  be  con- 
sstent  or  useful ; — and  a  persuasion  that  the  only  valuable  knowledge 
ia  the  accumulation  of  particular  facts.    This  is  not  the  place  to 
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haapt*  attempted  to  discover  the  ingredients  of  minerals  by  their 
peculiarities  of  crystallization.  The  persuasion  that  there  must  be  same 
eonnexion  between  composition  and  properties,  transformed  itself  in 
tbeir  mindsy  into  a  belief  that  they  could  seize  the  nature  of  the  con- 
oezkn  by  a  sort  of  instinct. 

Hub  opinion  of  the  independency  of  the  science  of  external  charac- 
ten,  and  of  its  sufficiency  for  its  own  object,  at  last  assumed  its 
complete  form  in  the  bold  attempt  to  construct  a  system  which  should 
borrow  nothing  from  chemistry.  This  attempt  was  made  by  Frederick 
Moha,  who  had  been  the  pupil  of  Werner,  and  was  afterwards  his  suc- 
ceasor  in  the  school  of  Freiberg ;  and  who,  by  the  acute  and  methodical 
character  of  his  intellect,  and  by  his  intimate  knowledge  of  minerals, 
was  worthy  of  his  predecessor.  Rejecting  altogether  all  divisions  of 
which  the  import  was  chemical,  Mohs  turned  for  guidance,  or  at  least 
for  the  light  of  analogy,  to  botany.  His  object  was  to  construct  a 
Natural  System  of  mineralogy.  What  the  conditions  and  advantages 
of  a  natural  system  of  any  province  of  nature  arc,  we  must  delay  to 
explain  till  we  have  before  us,  in  botany,  a  more  luminous  example  of 
such  a  scheme.  But  further ;  in  mineralogy,  as  in  botany,  besides  the 
Natand  System,  by  which  we  form  our  classes,  it  is  necessary  to  have 
an  AriificM  System^  by  which  we  recognize  them ; — ^a  principle  which, 
we  hare  seen,  had  already  taken  root  in  the  school  of  Freiberg.  Such 
an  artificial  system  Mohs  produced  in  his  Characteristic  of  the  Mineral 
Kimgdom^  which  was  published  at  Dresden  in  1820 ;  and  which,  though 
extending  only  to  a  few  pages,  excited  a  strong  interest  in  Germany, 
where  men's  minds  were  prepared  to  interpret  the  full  import  of  such 
a  work.  Some  of  the  traits  of  such  a  '*  Characteristic "  had,  indeed, 
been  previously  drawn  by  others ;  as  for  example,  by  Hatly,  who  notices 
that  each  of  his  Classes  has  peculiar  characters.  For  instance,  his  First 
OasB  (acidiferous  substances,)  alone  possesses  these  combinations  of 
properties ;  ^  division  into  a  regular  octohedron,  without  being  able  to 
acmtch  glass ;  specific  gravity  above  3*5,  without  being  able  to  scratch 
giaaa/*  The  extension  of  such  characters  into  a  scheme  which  should 
exhaust  the  -whole  mineral  kingdom,  was  the  undertaking  of  Mohs. 

Such  a  collection  of  marks  of  classes,  implied  a  classification  pre- 
Tjouflly  established,  and  accordingly,  Mohs  had  created  his  own  mineral 
system.  His  aim  was. to  construct  it,  as  we  shall  hereafter  see  that 
other  natural  systems  are  constructed,  by  taking  into  account  ail  the 


DrMdk  AusmMt  voL  il  p.  9t 


UISTORT  OP  IHNXHALOGT.           ^ 

ites  and  difler<.^iic*is  of  the  objccte  clitssified-     It  w  obvioiu 
xtcutc  such  a  work,  implied  a  most  intimate  and  universal 
no(i  with  minerals ;— a  power  of  combining  in  ono  vind  aur- 
whole  mineral  kingdom.     To  illustrate  the  spirit  its  whicb 
Moha  performed  his  task,  1  hope  1  may  be  allowed  to  refer 
m  iiit<?rcour5e  with  him.     At  aii  early  period  of  my  mine- 
studies,  wlieu  the  very  conception  of  a  Niittiral  Syst^Jia  was 
e,  he,  with  great  kindhnesa  of  temper,  allowed  me  habitually 
e  to  liim  the  scruplefl  which  arose  in  my  mind,  before  I  could 
inc'iples  which  appeared  to  me  then  so  vague  and  indednit*  ; 
ered  my  objections  with  great  patienee  and  most  instructive 
,     Among  other  difficulties,  I  one  day  propounded  to  him 
Vou  havo  published  a  Treatise  ou  Mineralogy,  in  whicb  yoti 
cribed  aU  the  important  properties  of  all  known  minerals, 
principles,  then,  it  ought  to  be  powiblej  merely  by  knowing 
iptittns  in  your  book,  and  without  seeing  any  minerals,  to  con- 
natural system ;  and  this  natural  ayeteni  ought  to  turn  out 
with  thftt  which  you  have  produced,  by  so  careful  an  cxaml- 
the  mineraLn  themaehW     He  pondered  a  moment,  and  then 
^reJ^^^^m^^PU^wha^a^cnonnou^m^T^^ 
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I  of  Uniueus.  But  besides  the  defects  of  Mohs^s  systeni,  he  had 
Mt  prepared  his  verbal  novelties  with  the  temperance  and  still  of  the 
fmt  botanical  reformer.  He  called  upon  mineralogists  to  change  the 
■ne  of  almost  eveiy  mineral  with  which  they  were  acquainted ;  and 
Ac  proposed  appellations  were  mostly  of  a  cumbrous  form,  as  the 
above  example  may  serve  to  show.  Such  names  could  have  obtained 
cnrrency,  only  after  a  general  and  complete  acceptance  of  the 

I ;  and  the  system  did  not  possess,  in  a  sufficient  degree,  that 
iiideiice  which  alone  could  gain  it  a  home  in  the  belief  of  philoso- 
fheiii — the  coincidence  of  its  results  with  those  of  Chemistry.  But 
Mm  I  speak  finally  of  the  fortunes  of  the  Natural-history  System,  I 
wil  wKf  Bomething  of  the  other  attempt  which  was  made  about  the 
IBM  time  to  introduce  a  Reform  into  Mineralogy  from  the  opposite 
of  the  science. 


Sect  2. — Chemical  System  of  Berzelius  and  others, 

b  the  Btadents  of  external  characters  were  satisfied  of  the  inde- 
peDdmoe  of  their  method,  the  chemical  analysts  were  naturally  no 
less  confident  of  the  legitimate  supremacy  of  tlicir  principles :  and 
when  the  beginning  of  the  present  century  had  been  distinguished  by 
tiia  establishment  of  the  theory  of  definite  proportions,  and  by  dis- 
ooreries  which  pointed  to  the  electro-chemical  theory,  it  could  not 
appear  presumption  to  suppose,  that  the  classification  of  bodies,  so  far 
M  it  depended  on  chemistry,  miglit  be  presented  in  a  form  more  com- 
plete and  scientific  than  at  any  previous  time. 

The  attempt  to  do  this  was  made  by  the  great  Swedish  chemist 
Jacob  Berzelius.  In  1816,  he  published  his  Bssaj/  to  establish  a 
ptrtly  Scientific  System  of  Mini^ralogy^  by  means  of  the  Application 
fif  the  Electro<hemical  Theory  and  the  Chemical  Doctrine  of  Defi- 
nite  Proportions.  It  is  manifest  that,  for  minerals  which  arc  consti- 
tuted by  the  law  of  Definite  Proportions,  this  constitution  must  be  a 
most  essential  part  of  their  character.  The  electro- chemical  theory 
was  called  in  aid,  in  addition  to  the  composition,  because,  distinguish- 
ing the  elements  of  all  compounds  as  electro-positive  and  electro- 
negative, and  giving  to  every  element  a  place  in  a  series,  and  a  place 
defined  by  the  degree  of  these  relations,  it  seemed  to  afford  a  rigorous 
and  complete  principle  of  arrangement.  Accordingly,  Berzelius,  in 
his  First  System,  arranged  minerals  according  to  their  electro-positive 
element,  and  the  elements  according  to  their  electro-positive  rank ; 
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and  supposed  that  he  had  thus  removed  all  that  was  arbitrary  $tS 
vague  in  the  previous  chemical  systems  of  mineralogy. 

Though  the  attempt  appeared  so  well  justified  by  the  state  of  Aih 
mical  science,  and  was  so  plausible  in  its  principle,  it  was  not  kog 
before  events  showed  that  there  was  some  &llacy  in  these  specitMi 
appearances.  In  1820,  Mitscherlich  discovered  Isomorphism :  by  thift 
discovery  it  appeared  that  bodies  containing  very  different  electro- 
positive elements  could  not  be  distinguished  from  each  other ;  it  wm 
impossible,  therefore,  to  put  them  in  distant  portions  of  the  clawrito 
tion ; — and  thus  the  first  system  of  Berzelius  crumbled  to  pieces.     ' 

But  Berzelius  did  not  so  easily  resign  his  project  With  the  moi 
unhesitating  confession  of  his  first  failure,  but  with  undaunted  couiigl 
he  again  girded  himself  to  the  task  of  rebuilding  his  edifice.  Defeofed 
at  the  electro-positive  position,  he  now  resolved  to  make  a  stand  at  Hi 
electro-negative  element.  In  1824,  he  published  in  the  Transactkni 
of  the  Swedish  Academy,  a  Memoir  On  the  Alterations  in  the  Ckmm 
cal  Mineral  System^  which  necessarily  follow  from  the  Properly 
exhibited  hy  Isomorphous  Bodies,  of  replacing  each  other  in  gim 
Proportions,  The  alteration  was,  in  fact,  an  inversion  of  the  system 
with  an  attempt  still  to  preserve  the  electro-chemical  principle  d 
arrangement  Thus,  instead  of  arranging  metallic  minerals  accordiB{ 
to  the  metal,  under  iron,  copper,  &c.,  all  the  sulphurets  were  clanec 
together,  all  the  oxides  together,  all  the  sulphates  together,  and  so  h 
other  respects.  That  such  an  order  was  a  great  improvement  on  tin 
preceding  one,  cannot  be  doubted ;  but  we  shall  sec,  I  think,  that  as  i 
strict  scientific  system  it  was  not  successful.  The  discovery  of  isomer 
phism,  however,  naturally  led  to  such  attempts.  Thus  Gmelin  also,  k 
1825,  published  a  mineral  system,*  which,  like  that  of  BerzeHm 
founded  its  leading  distinctions  on  the  electro-negative,  or,  as  it  wai 
sometimes  termed,  the  formative  clement  of  bodies ;  and,  besides  thii 
took  account  of  the  numbers  of  atoms  or  proportions  which  appear  fa 
the  composition  of  the  body ;  distinguishing,  for  instance.  Silicates,  m 
simple  silicates,  double  silicates,  and  so  on,  to  quintuple  silicate  [PeA- 
steirC)  and  sextuple  silicate  (Perlstein),  In  like  manner,  NordenskiOU 
devised  a  system  resting  on  the  same  bases,  taking  into  account  alsc 
the  crystaUine  form.  In  1824,  Beudant  published  his  TraitS  Memem- 
taire  de  Minhralogie,  in  which  he  professes  to  found  his  arrangement 
on  the  electro-negative  element,  and  on  Ampere's  circular  arrange- 
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ment  of  elementary  snbetances.  Such  schemes  exhibit  rather  a  play 
of  the  mere  logical  £Eu:ulty,  exercising  itself  on  assumed  principleSi 
than  any  attempt  at  the  real  interpretation  of  nature.  Other  such 
pore  chemical  systems  may  have  been  published,  but  it  is  not  neces» 
saiy  to  accumulate  instances.    I  proceed  to  consider  their  result 

Sect  3. — Failure  of  the  Attempts  at  Systematic  JReform. 

It  m^y  appear  presumptuous  to  speak  of  the  failure  of  those  whom, 
like  Berzelius  and  Mohs,  we  acknowledge  as  our  masters,  at  a  period 
when,  probably,  they  and  some  of  their  admirers  still  hold  them  to 
hare  succeeded  in  their  attempt  to  construct  a  consistent  system.  But 
I  conc^Te  that  my  office  as  an  historian  requires  me  to  exhibit  the  for- 
tonea  of  this  science  in  the  most  distinct  form  of  which  they  admit, 
and  that  I  cannot  evade  the  duty  of  attempting  to  seize  the  true  aspect 
of  recent  occurrences  in  the  world  of  science.  Hence  I  venture  to 
speak  of  the  failure  of  both  the  attempts  at  framing  a  pure  scientific 
system  of  mineralogy, — ^that  founded  on  the  chemical,  and  that  founded 
on  the  natural-history  principle ;  because  it  is  clear  that  they  have  not 
obtained  that  which  alone  we  could,  according  to  the  views  here  pre- 
sented, consider  as  success, — a  coincidence  of  each  with  the  other.  A 
Chemical  System  of  arrangement,  which  should  bring  together,  in  all 
cases^  the  substances  which  come  nearest  each  other  in  external  pro- 
perties ; — a  Natural-history  System,  which  should  be  found  to  arrange 
bodies  in  complete  accordance  with  their  chemical  constitution : — if 
such  systems  existed,  they  might,  with  justice,  claim  to  have  succeeded. 
Thev  agreement  would  be  their  verification.  The  interior  and  exterior 
syifcem  are  the  type  and  the  antitype,  and  their  entire  correspondence 
woold  estabb'sh  the  mode  of  interpretation  beyond  doubt.  But  nothing 
less  than  this  will  satisfy  the  requisitions  of  science.  And  when, 
therefore,  the  chemical  and  the  natural-history  system,  though  evi- 
dently, as  I  conceive,  tending  towards  each  other,  are  still  far  from 
coming  together,  it  is  impossible  to  allow  that  either  method  has  been 
mccesifiil  in  regard  to  its  proper  object. 

Bnfc  we  may,  I  think,  point  out  the  fallacy  of  the  principles,  as  well 
as  the  imperfisction  of  the  results,  of  both  of  those  methods.  With 
regard  to  that  of  Berzelius,  indeed,  the  history  of  the  subject  obviously 
betrays  its  misoundness.  The  electro-positive  principle  was,  in  a  very 
short  time  after  its  adoption,  proved  and  acknowledged  to  be  utterly 
untenable :  what  security  have  we  that  the  electro-negative  element  is 
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more  tnutworihy  t    Was  not  the  necessity  of  an  entire  ohai^  cf  ifW 
tern,  a  preof  that  the  ground,  whatever  that  waa^cm  whidi  the  ekefedM 
chemical  principle  was  adopted,  was  an  nnfoonded  asamnptioii  t    -Al^ 
in  fact,  do  we  not  find  that  the  same  aignment  which  waa  alkwralW 
be  fatal  to  the  First  System  of  BenelraS|  applies  in  ezaetlj  tk«  iMR  ■ 
manner  against  the  Second  ?    If  the  electro-positive  elements  be  dim  J 
isomorphous,  are  not  the  electro-negative  elements  sometimea  iaoHit^ 
phous  also  ?  for  instance,  the  arsenic  and  phosphoric  adds.    Bnt  to  g|i 
further,  what  is  the  ground  on  which  the  electxo-chemical  anangnHlft 
is  adopted?    Granted  that  the  electrical  relations  of  bodies  are  HP 
portant ;  bnt  how  do  wo  come  to  know  that  these  relations  haire  ai^ 
thing  to  do  with  mineralogy  ?    How  does  it  q>pear  that  on  them,  prftf 
cipally,  depend  those  external  properties  which  mineralogy  mnst  stadDff 
How  does  it  appear  that  because  sulphur  is  the  electro-negative  jtH 
of  one  body,  and  an  acid  the  electro-negative  part  of  another, 
two  elements  similarly  affect  the  compounds  t    How  does  it  ( 
that  there  is  any  analogy  whatever  in  their  functions  t    We  aUow  tibi 
the  composition  must,  in  some  way^  determine  the  classified  plaoe  rf 
the  mineral, — but  why  in  this  way? 

I  do  not  dwell  on  the  remark  which  Benelins  himself*  makea-^ 
Nordenskiold's  system ; — ^that  it  assumes  a  perfect  knowledge  of  Ifai 
composition  in  every  case ;  although,  considering  the  nsoal  diacwpais^ 
cies  of  analyses  of  minerals,  this  objection  must  make  all  pnre  eheflOll^ 
cal  systems  useless.  But  I  may  observe,  that  mineralogists  have  iMl 
yet  determined  what  characters  are  sufiiciently  aflSxed  to  determine  i 
species  of  minerals.  We  have  seen  that  the  ancient  notion  of  tke 
composition  of  a  species,  has  been  unsettled  by  the  discovery  of  Imh 
morphism.  The  tenet  of  the  constancy  of  the  angle  is  rendered  doab^ 
fol  by  cases  of  plcsiomorphism.  The  optical  properties^  which  are  ao 
closely  connected  with  the  ciystallinc,  are  still  so  imperfeotij  knowi^ 
that  they  are  subject  to  changes  which  appear  capricious  and  arbitmy. 
Both  the  chemical  and  the  optical  mineralogists  have  constantiy,  of  lata^ 
found  occasion  to  separate  species  which  had  been  united,  and  to  hda^ 
together  those  which  had  been  divided.  Everything  shows  tba%  n 
this  science,  we  have  our  classification  still  to  begin.  The  detection 
of  that  fixity  of  characters,  on  which  a  right  establishment  of  speciea 
must  rest,  is  not  yet  complete,  great  as  the  progress  is  which  we  have 
made,  by  acquiring  a  knowledge  of  the  laws  of  ciystallisation  and  cf 
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Mrite  chemical  conatitation.    Oar  ignorance  may  surprise  us;  but  it 
rdinuniflh  our  nuprifle  to  recollect,  that  the  knowledge  which  we 
:  is  that  of  the  laws  of  the  physical  constitution  of  all  bodies 
for  to  nsy  as  mineralogists,  all   chemical  compounds  are 


Ihe  delect  of  the  principle  of  the  natural-history  classifiers  may  be 
Am  rtated : — ^in  atodying  the  external  characters  of  bodies,  they  take 
fvgraBted  that  they  can,  without  any  other  light,  discover  the  relative 
iriM  and  importance  of  those  characters.  The  grouping  of  Species 
irta  a  Gemia^  of  Genera  into  an  Order,  according  to  the  method  of  this 
«kool,.i»ooeeda  by  no  definite  rules,  but  by  a  latent  talent  of  appredi^ 
tioi^  a  sort  of  claanfying  instinct  But  this  course  cannot  reasonably 
ka  ff«p^<^^  to  lead  to  scientific  truth ;  for  it  can  hardly  be  hoped,  by 
mj  one  who  looka  at  the  general  course  of  science,  that  we  shall 
fceorer  the  relation  between  external  characters  and  chemical  com- 
f^*^",  otherwise  than  by  tracing  their  association  in  cases  where 
both  are  known.  It  is  nrged  that  in  other  classificatory  sciences,  in 
botany,  tor  example,  we  obtain  a  natural  classification  from  external 
chazactim  without  having  recourse  to  any  other  source  of  knowledge. 
Bat  this  k  not  tme  in  the  sense  here  meant  In  framing  a  natural 
tptam  of  botany,  we  have  constantly  before  our  eyes  the  principles  of 
phyiiology ;  and  we  estimate  the  value  of  the  characters  of  a  plant  by 
their  bearing  on  its  functions, — by  their  place  in  its  organization.  In 
an  anorganic  body,  the  chemical  constitution  is  the  law  of  its  being ; 
ad  we  ahall  never  succeed  in  framing  a  science  of  such  bodies  but  by 
stndioaBlj  directing  our  efforts  to  the  interpretation  of  that  law. 

On  these  grounds,  then,  I  conceive,  that  the  bold  attempts  of  Mobs 
udof  Berzelius  to  give  new  forms  to  mineralogy,  cannot  bo  deemed 
neeeasliil  in  the  manner  in  which  their  authors  aspired  to  succeed. 
Neither  of  them  can  be  marked  as  a  permanent  reformation  of  the 
idence.  I  shall  not  inquire  how  far  they  have  been  accepted  by  men 
of  science,  for  I  conceive  that  their  greatest  effect  has  been  to  point 
oot  improvements  which  might  bo  made  in  mineralogy  without  going 
the  whole  length  either  of  the  pure  chemical,  or  of  the  pure  natural- 
history  system. 

Sect  4. — Return  to  Mixed  Systems  with  Improvements, 

Ii  ^ite  of  the  efforts  of  the  purists,  mineralogists  returned  to  mixed 
systems  of  classification ;  but  these  systems  are  much  better  than  they 
*ere  before  such  efforts  were  made. 
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The  Second  System  of  Berzeiins,  though  not  tenable  in  its  rigoml 
form,  approaches  &r  nearer  than  any  previoos  system  to  a  oon{M9 
character,  bringing  together  like  sabstances  in  a  large  p<»tioii  of  1^ 
extent  The  System  of  Mohs  also,  whether  or  not  nnoon 
swayed  by  chemical  doctrines,  forms  orders  which  have  a 
of  chemical  character ;  thus,  the  minerals  of  the  order  Hahide  m 
salts  of  oxidesi  and  those  of  the  order  Pyrites  are  snlphurets  of  metak 
Thus  the  two  methods  appear  to  be  conveiging  to  a  common  centre; 
and  though  we  are  unable  to  follow  either  of  them  to  this  point  ol 
union,  we  may  learn  from  both  in  what  direction  we  are  to  look  for  iL 
If  we  regard  the  best  of  the  pure  systems  hitherto  devised  as  indicatioM 
of  the  nature  of  that  system,  perfect  both  as  a  chemical  and  as  a  nato- 
ral-history  system,  to  which  a  more  complete  condition  of  mineralogicil 
knowledge  may  lead  us,  we  may  obtain,  even  at  present,  a  tolerably 
good  approximation  to  a  complete  classification ;  and  such  a  one,  if  wo 
recollect  that  it  must  be  imperfect,  and  is  to  be  held  as  provisional 
only,  may  be  of  no  small  value  and  use  to  us. 

The  best  of  the  mixed  systems  produced  by  this  compromise  again 
comes  from  Freiberg,  and  was  published  by  Professor  Naumann  in 
1828.  Most  of  his  orders  have  both  a  chemical  character  and  gral 
external  resemblances.  Thus  his  JffaloideSy  divided  into  UnmetalUc  and 
Metallic^  and  these  again  into  Hydrous  and  Anhydrous^  give  good 
natural  groups.  The  most  difficult  minerals  to  arrange  in  idl  system 
are  the  siliceous  ones.  These  M.  Naumann  calls  Silicides,  and  sabdi- 
vides  them  into  Metallic,  UnmetalUc^  and  Amphoteric  or  mixed ;  and 
again,  into  Hydrous  and  Anhydrous,  Such  a  system  is  at  least  a  good 
basis  for  future  researches ;  and  this  is,  as  we  have  said,  all  that  we  can 
at  present  hope  for.  And  when  we  recollect  that  the  natund-histoi) 
principle  of  classification  has  begun,  as  we  have  already  seen,  to  make 
its  appearance  in  our  treatises  of  chemistry,  we  cannot  doubt  that  boom 
progress  is  making  towards  the  object  which  I  have  pointed  out.  Bnl 
we  know  not  yet  how  far  we  are  from  the  end.  The  combination  di 
chemical,  crystallographical,  physical  and  optical  properties  into  wyoMk 
lofty  generalization,  is  probably  a  triumph  reserved  for  future  and  dia 
tant  years. 

Conclusion. — The  history  of  Mineralogy,  both  in  its  successes  and  b] 
its  failures,  teaches  us  this  lesson ; — that  in  the  sciences  of  classification 
the  establishment  of  the  fixity  of  characters,  and  the  discovery  of  snck 
characters  as  are  fixed,  are  steps  of  the  first  importance  in  the  progiea 
of  these  sciences.    The  recollection  of  this  maxim  may  aid  ns  in  shap- 
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n  duoi^  ihe hiiiorir  of  other  Boiencet  of  thu  land;  in 
tibd  cBlnA  cf  the  nibjeet^  and  the  maw  of  litentore 
(to]i^w«]i4|^afcfiiifcafanoatdeqpairof  casting  the  hktory 
pock  and  periods.    To  the  most  prominent  of  such 
fBdbKOf,  I  now  pcooeed. 
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Yatem  aspicies  qiue  rupe  sub  alt& 

Fata  canit,  foliisque  notas  et  nomina  mandat. 
QoaBCunque  in  foliis  descripsit  cannina  Tirgo 
Digerit  in  numemm  atque  antro  secliua  relinquit 
nia  manent  immorta  loois  neqne  ab  ordine  oednnt. 

YiBGn..    jSk,  iii.  448. 

Behold  the  Sibyl  I — Her  who  weaves  a  long, 
A  tangled,  fall,  yet  sweetly  flowing  song. 
Wondrous  her  skill ;  for  leaf  on  leaf  she  frames 
Unerring  symbols  and  enduring  names  ; 
And  as  her  nicely  measured  line  she  binds, 
For  leaf  on  leaf  a  fitting  place  she  finds  ; 
Their  place  once  found,  no  more  the  leaves  depart, 
But  fixed  rest : — such  is  her  magic  art. 


INTRODUCTION. 

TITE  now  arrive  at  that  study  which  oflfers  the  most  copious 
■'  and  complete  example  of  the  sciences  of  classification,  I  mean 
Botany.  And  in  this  case,  we  have  before  us  a  branch  of  knowledge 
<rf  which  we  may  say,  more  properly  than  of  any  of  the  sciences 
which  we  have  reviewed  since  Astronomy,  that  it  has  been  constantly 
advancing,  more  or  less  rapidly,  from  the  infancy  of  the  human  race 
to  the  present  day.  One  of  the  reasons  of  this  resemblance  in  the 
(brtones  of  two  studies  so  widely  dissimilar,  is  to  be  found  in  a  simpli- 
city of  principle  which  they  have  in  common ;  the  ideas  of  Likeness 
and  Difference,  on  which  the  knowledge  of  plants  depends,  are,  like 
the  ideas  of  Space  and  Time,  which  are  the  foundation  of  astronomy, 
readily  apprehended  with  clearness  and  precision,  even  without  any 
peculiar  culture  of  the  intellect  But  another  reason  why,  in  the  his- 
tory of  Botany,  as  in  that  of  Astronomy,  the  progress  of  knowledge 
forms  an  unbroken  line  from  the  earliest  times,  is  precisely  the  great 
difference  of  the  kind  of  knowledge  which  has  been  attained  in  the 
two  cases.  In  Astronomy,  the  discovery  of  general  truths  began  at  an 
early  period  of  civilization ;  in  Botany,  it  has  hardly  yet  begun ;  and 
thus,  in  each  of  these  departments  of  study,  the  lore  of  the  ancient 
is  homogeneous  with  that  of  the  modern  times,  though  in  the  one 
caae  it  is  science,  in  the  other,  the  absence  of  science,  which  per\'ades 
all  ages.  The  resemblance  of  the  form  of  their  history  arises  from 
the  diversity  of  their  materials. 

I  shall  not  here  dwell  further  upon  this  subject,  but  proceed  to 
trace  rapidly  the  progress  of  Systematic  Botany,  as  the  classificatory 
science  is  usually  denominated,  when  it  is  requisite  to  distinguish 
between  that  and  Physiological  Botany.  My  own  imperfect  acquaint- 
ance with  this  study  admonishes  me  not  to  venture  into  its  details, 
finther  than  my  purpose  absolutely  requires.  I  trust  that,  by  taking 
my  views  principally  from  writers  who  are  generally  allowed  to  pOvS- 
sesB  the  best  insight  into  the  science,  I  may  be  able  to  draw  the 
larger  features  of  its  history  with  tolerable  correctness ;  and  if  I  suc- 
ceed in  this,  I  shall  attain  an  object  of  great  importance  in  my  general 
sch^ne. 
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CHAPTBSRL 
Imaoikary  Enowledgs  of  Plants.  ' 


I 


THE  apprehension  of  BUch  differences  and  resemblances  as  those  W 
which  we  group  together  and  discriminate  the  varions  kinds  <f 
plants  and  animals,  and  the  appropriation  of  words  to  mark  and  etf 
vey  the  resulting  notions,  must  be  presupposed,  as  essential  to  ftl 
very  beginning  of  human  knowledge.  In  whatever  manner  we  iB# 
gine  man  to  be  placed  on  the  earth  by  his  Creator,  these  prooeMi 
must  be  conceived  to  be,  as  our  Scriptures  represient  them,  contem^ 
raneous  with  the  first  exertion  of  reason,  and  the  first  use  of  speedc 
If  we  were  to  indulge  ourselves  in  framing  a  hypothetical  account  d 
the  origin  of  language,  we  should  probably  assume  as  the  first-fomiii 
words,  those  which  depend  on  the  visible  likeness  or  nnlikeness  d 
objects ;  and  should  arrange  as  of  subsequent  formation,  those  teilli 
which  imply,  in  the  mind,  acts  of  wider  combination  and  h^^ 
abstraction.  At  any  rate,  it  is  certain  that  the  names  of  the  kinds  d 
vegetables  and  animals  are  very  abundant  even  in  the  most  undvUiie 
stages  of  man's  career.  Thus  wc  are  infonned*  that  the  inhabitanl 
of  New  Zealand  have  a  distinct  name  of  every  tree  and  plant  in  tM 
island,  of  which  there  are  six  or  seven  hundred  or  more  differei 
kinds.  In  the  accounts  of  the  rudest  tribes,  in  the  eariiest  legend 
poetry,  and  literature  of  nations,  pines  and  oaks,  roses  and  violets,  th 
olive  and  the  vine,  and  the  thousand  other  productions  of  the  eaiti 
have  a  place,  and  are  spoken  of  in  a  manner  which  assumes,  that  i 
such  kinds  of  natural  objects,  permanent  and  in&llible  distinctioi 
had  been  observed  and  universally  recognized. 

For  a  long  period,  it  was  not  suspected  that  any  ambiguity  or  coi 
fusion  could  arise  from  the  use  of  such  terms ;  and  when  such  incoi 
veniences  did  occur,  (as  even  in  early  times  they  did,)  men  were  fi 
from  divining  that  the  proper  remedy  was  the  construction  of 
science  of  classification.  The  loose  and  insecure  terms  of  the  ha 
guage  of  oonunon  life  retained  their  place  in  botany,  long  after  the 
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defects  were  severely  felt :  for  instance,  the  vague  and  unscientific  dift- 
tinction  of  v^etables  into  treeSj  shrubs,  and  kerbs,  kept  its  gronnd  till 
the  time  of  Linnsdns. 

While  it  was  thus  imagined  that  the  identification  of  a  plant,  by 
means  of  its  name,  might  properly  be  trusted  to  the  common  nncnl- 
tared  faculties  of  the  mind,  and  to  what  we  may  call  the  instinct  of 
language,  all  the  attention  and  study  which  were  bestowed  on  such 
objectl^  were  naturally  employed  in  learning  and  thinking  upon  such 
drcomBtances  respecting  them  as  were  supplied  by  any  of  the  common 
ghannela  through  which  knowledge  and  opinion  flow  into  men's 

He  reader  need  hardly  be  reminded  that  in  the  earlier  periods  of 
nouui'a  mental  culture,  he  acquires  those  opinions  on  which  he  loves 
to  dwell,  not  by  the  exercise  of  observation  subordinate  to  reasonf 
bat|  &r  more,  by  his  fancy  and  his  emotions,  his  love  of  the  marvel- 
loiUi  Mi  hopes  and  fears.  It  cannot  surprise  us,  therefore,  that  the 
sariiest  lore  concerning  plants  which  we  discover  in  the  records  of  the 
past,  consiBtB  of  mythological  legends,  marvellous  relations,  and  cxtra- 
oirduiary  medicinal  qualities.  To  the  lively  fancy  of  the  Greeks,  the 
yardflBua,  which  bends  its  head  over  the  stream,  was  originally  a 
youth  who  in  such  an  attitude  became  enamored  of  his  own  beauty : 
the  hyacinth,'  on  whose  petals  the  notes  of  grief  were  traced  (a  i,  a  i), 
recorded  the  sorrow  of  Apollo  for  the  death  of  his  fiivorito  Hyacin- 
thus:  the  beautifdl  lotus  of  India,'  which  floats  with  its  splendid 
flower  on  the  surface  of  the  water,  is  the  chosen  seat  of  the  goddess 
Liekahmi,  the  daughter  of  Occan.^  In  Egypt,  too,*  Osiris  swam  on  a 
lotos-lea^  and  Haipocrates  was  cradled  in  one.  The  lotus-eaters  of 
Homer  lost  immediately  their  love  of  home.  Every  one  knows  how 
eMJ  it  would  be  to  accumulate  such  tales  of  wonder  or  religion. 

lliOBe  who  attended  to  the  effects  of  plants,  might  discover  in  them 
some  medicinal  properties,  and  might  easily  imagine  more ;  and  when 
the  love  of  the  marvellous  was  added  to  the  hope  of  health,  it  is  easy 
to  belieye  that  men  would  be  very  credulous.  We  need  not  dwell  upon 
the  examples  of  this.    In  Pliny's  Introduction  to  that  book  of  his 


*  Ufimn  martagon. 

Ipae  auofl  gemittu  foliis  inscribit  et  a  i,  a  i, 
Hoa  habet  inacriptam  fiinestaqae  lltera  duota  est— Ovm. 
'  Kdumbimn  Bpeeioanm. 

*  Bprengel,  0€$ehiehie  der  Botanik,  I  27.  *  lb.  i  28. 
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Natural  History  which  treats  of  the  medicinal  virtues  of  plantsi  b 
says,*  ^Antiquity  was  so  much  struck  with  the  properties  of  herbs,  H^ 
it  afi&rmed  things  incredible.  Xanthus,  the  historian,  says,  thai  0 
man  killed  by  a  dragon,  will  be  restored  to  life  by  an  herb  which  hp 
caUs  halin  ;  and  that  Thylo,  when  killed  by  a  dragon,  was  recoTeidl 
by  the  same  plant  Democritus  asserted,  and  Theophrastus  beUeved, 
that  there  was  an  herb,  at  the  touch  of  which,  the  wedge  which  it 
woodman  had  driven  into  a  tree  would  leap  out  again.  Though  mt 
cannot  credit  these  stories,  most  persons  believe  that  dmost  anytUig 
might  be  effected  by  means  of  herbs,  if  their  virtues  were  fully  knoim." 
How  &r  from  a  reasonable  estimate  of  the  reality  of  such  virtues  wwe 
the  persons  who  entertained  this  belief  we  may  judge  from  the  miq 
superstitious  observances  which  they  associated  with  the  gathering  nd 
«nng  of  medicinal  plants.  Theophrastus  speaks  of  these  ;^  ^  The  dnlg 
sellers  and  the  rhizotomists  (root-cutters)  tell  us,''  he  says,  ^some  thn|p 
which  may  be  true,  but  other  things  which  are  merely  solemn  quaekefy ;| 
thus  they  direct  us  to  gather  some  plants,  standing  from  the  wind,  «m 
with  our  bodies  anointed ;  some  by  night,  some  by  day,  some  befai 
the  sun  Ms  on  them.  So  far  there  may  be  something  in  their  mki 
But  others  are  too  &ntastical  and  far  fetched.  It  is,  perhaps,  no 
absurd  to  use  a  prayer  in  plucking  a  plant ;  but  they  go  fdrther  tluu 
this.  We  are  to  draw  a  sword  three  times  round  the  mandragora,  am 
to  cut  it  looking  to  the  west :  again,  to  dance  round  it,  and  to  m 
obscene  language,  as  they  say  those  who  sow  cumin  should  utter  blai 
phemies.  Again,  wc  are  to  draw  a  line  round  the  black  hellebon 
standing  to  the  cast  and  praying ;  and  to  avoid  an  eagle  either  on  fit 
right  or  on  the  left ;  for,  say  they,  *  if  an  eagle  be  near,  the  cutter  wS 
die  in  a  year.' " 

This  extract  may  serve  to  show  the  extent  to  which  these  imagina 
tions  were  prevalent,  and  the  manner  in  which  they  were  looked  npoi 
by  Theophrastus,  our  first  great  botanical  author.  And  we  may  noi 
consider  that  we  have  given  sufficient  attention  to  these  &bles  an 
superstitions,  which  have  no  place  in  the  history  of  the  progress  0 
real  knowledge,  except  to  show  the  strange  chaos  of  wild  fancies  aa< 
legends  out  of  which  it  had  to  emerge.  We  proceed  to  trace  th 
history  of  the  knowledge  of  plants. 


*  Libi  nv.  6.  '  De  Plantit,  ix.  9.  '  Eircrpaywdtdms. 
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CHAPTER  11. 
XJhbtstsmatxc  Ekowledoe  op  Plaitts. 

A  STEP  was  made  towarda  the  formation  of  the  Science  of  Planta, 
aUhongh  imdoabtedly  a  slight  one,  as  soon  as  men  began  to  col- 
IkI  infoimation  concerning  them  and  their  properties,  from  a  love  and 
\  £oT  knowledge,  independent  of  the  passion  for  the  marvel- 
•  and  the  impulse  of  practical  utility.  This  step  was  very  early 
The  ^wisdom"  of  Solomon,  and  the  admiration  which  was 
hrtowed  upon  it,  prove,  even  at  that  period,  such  a  working  of  the 
yenlative  faculty:  and  we  are  told,  that  among  other  evidences  of 
Us  being  **  wiser  than  all  mcn,^  ^he  spake  of  trees,  from  the  cedar- 
tns  that  18  in  Lebanon  even  unto  the  hyssop  that  springeth  out  of  the 
mlL"*  The  father  of  history,  Herodotus,  shows  us  that  a  taste  for 
BMbaai  history  had,  in  his  time,  found  a  place  in  the  minds  of  the 
Gheefai  In  speaking  of  the  luxuriant  vegetation  of  the  Babylonian 
plain,'  lie  is  so  £ur  from  desiring  to  astonish  merely,  that  he  says,  ^the 
blades  of  wheat  and  barley  are  full  four  fingers  wide;  but  as  to  the 
ue  of  the  trees  which  grow  from  millet  and  sesame,  though  I  could 
■ention  it,  I  will  not ;  knowing  well  that  those  who  have  not  been  in 
that  country  will  hardly  believe  what  I  have  said  already."  He  then 
proceeds  to  describe  some  remarkable  circumstances  respecting  the 
fieitilization  of  the  date-palms  in  Assjrria. 

This  curious  and  active  spirit  of  the  Greeks  led  rapidly,  as  we  have 
leen  in  other  instances,  to  attempts  at  collecting  and  systematizing 
knowledge  on  almost  every  subject :  and  in  this,  as  in  almost  cvciy 
other  department,  Aristotle  may  be  fixed  upon,  as  the  representative 
of  the  highest  stage  of  knowledge  and  system  which  they  ever 
attained.  The  vegetable  kingdom,  like  every  other  province  of  nature, 
was  one  of  the  fields  of  the  labors  of  this  universal  philosopher. 
But  though  his  other  works  on  natural  history  have  come  down  to 
aa,  and  are  a  most  valuable  monument  of  the  state  of  such  knowledge 
in  his  time,  his  Treatise  on  Plants  is  lost.     The  book  De  Plantin 


1  KiDgB  iv.  83.  '  Herod.  L  198. 
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Lppcars  with  liis  name,  is  em  imposture  of  the  middle  agea,  fiiJ 
s  and  absurdities,' 

iUoiple,  friend,  and  successor,  TheophrastTis  of  Eresos^  is,  as  w 
id  already,  tbe  first  great  writer  on  botacy  whose  works  yr 
;  and,  m  may  he  sai<i  in  most  caaea  of  the  first  great  writer,  h 
)  us  a  riuhor  store  of  genuine  knowledge  and  good  sense  th^ 
suocDsaors,     But  we  find  in  him  that  tiie  Greeks  of  his  tim< 
piiO(J,  as  we  Lave  said,  to  collect  and  »ijtiematize  a  body  a 
tion  on  every  eubject,  failed  in  one  half  of  their  object,  aa  fli 
i^'l  to  the  veofctablo  world.     Their  attempts  at  a  syst^imatJc  dii 
11  of  plariU  were  altogether  futile,     Althoiigh  Aristotle'fl  dxv\ 
'  the  animal  kingdom  are,  even  at  this  day,  looked  upon  wit] 
ion  by  the  best  naturalista,  the  arrangenients  and  comparison 
U  which  were  contrived  by  Theophra^tufi  and  his  sacccseoH 
«t  left  tLe  slightest  traco  in  the  modem  form  of  tbe  acienca 
Tcforc,  according  to  our  plan,  aro  of  no  importance  in  our  hit 
\\\i]  thus  we  can  tre^t  all  the  miscelUneous  information  coe 
vegetables  which   was  accumulated   by  the  whole  of  thi 
of  writers,  in  no  other  way  than  as  eometlung  antecedent  t 

■ 
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adhi^er  np,  and  nunificd.    It  loves  a  sandy  soil,  and  has  no  leaf 

fkteFer." 

Hie  boolcs  of  Aristotle  and  Theophrastas  soon  took  the  place  of  the 
Book  of  Nature  in  the  attention  of  the  degenerate  philosophers  who 
ncoeeded  them.  A  story  is  told  by  Strabo'  concerning  the  fate  of  the 
vmks  of  these  great  naturalists.  In  the  case  of  the  wars  and  changes 
whkh  occnned  among  the  successors  of  Alexander,  the  heirs  of  Thco- 
phmtos  tried  to  secure  to  themselves  his  books,  and  those  of  his  mas- 
ter, by  burying  them  in  the  ground.  There  the  manuscripts  suffered 
mocfa  from  damp  and  worms ;  till  Apollonicon,  a  book-collector  of 
tlune  days,  purchased  them,  and  attempted,  in  his  own  way,  to  supply 
vliat  time  had  obliterated.  When  Sylla  marched  the  Eoman  troops 
into  Athens,  he  took  possession  of  the  library  of  Apollonicon ;  and  the 
woiks  which  it  contained  were  soon  circulated  among  the  learned  of 
Borne  and  Alexandria,  who  were  thus  enabled  to  Aristotelize'  on 
botiny  as  on  other  subjects. 

The  library  collected  by  the  Attalic  kings  of  Pergamus,  and  the 
Alexandrian  Museum,  founded  and  supported  by  the  Ptolemies  of 
Egypt,  lather  fostered  the  commentatorial  spirit  than  promoted  the 
increase  of  any  real  knowledge  of  nature.  The  Romans,  in  tliis  as  in 
otber  snbjects,  were  practical,  not  speculative.  They  had,  in  the  times 
of  their  national  vigor,  several  writers  on  agriculture,  who  were  highly 
esteemed ;  but  no  author,  till  we  come  to  Pliny,  who  dwells  on  the 
mere  knowledge  of  plants.  And  even  in  Pliny,  it  is  easy  to  perceive 
diat  we  have  before  us  a  writer  who  extracted  his  information  princi- 
pally from  books.  This  remarkable  man/  in  the  middle  of  a  public 
and  active  life,  of  campaigns  and  voyages,  contrived  to  accumulate,  by 
reading  and  study,  an  extraordinary  store  of  knowledge  of  all  kinds. 
So  unwilling  was  he  to  have  his  reading  and  note-making  interrupted, 
that,  even  before  day-break  in  winter,  and  from  his  litter  as  he  tra- 
velled^ he  was  wont  to  dictate  to  liis  amanuensis,  who  was  obliged  to 
preserve  his  hand  from  the  numbness  which  the  cold  occasioned,  by 
the  use  of  gloves.* 

It  has  been  ingeniously  obser\'e<l,  that  we  may  find  traces  in  the 
botanical  part  of  his  Natural  History,  of  the  errors  which  this  hurried 
and  broken  habit  of  study  produced ;  and  that  he  appears  frequently 
to  have  had  books  read  to  him  and  to  have  heard  them  amiss."    Thus, 


'  Strabo,  lib.  xiii.  c.  I,  §  54.  ^  Aoioror^t^ctv,  •  Sprengel,  i  168. 

'  Plin.  Jun.  Epiat  3,  5.  '•  Sprengel,  i  163. 
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among  several  other  inBtances,  Theophrastus  having  said  that  the  plane*  ' 
tree  is  in  Italy  rare,"  Pliny,  misled  by  the  similarity  of  the  Greek  ■ 
word  {spanian^  rare),  says  that  the  tree  occm«  in  Italy  and  Spam.** 
His  work  has,  with  great  propriety,  been  called  the  Encyclopeedia  of 
Antiqnity ;  and,  in  truth,  there  are  few  portions  of  the  learning  of  {he 
times  to  which  it  does  not  refer.  Of  the  thirty-eeven  Books  of  which 
it  consists,  no  less  than  sixteen  (from  the  twelfth  to  the  twenty-eeventh) 
relate  to  plants.  The  information  which  is  collected  in  these  hodka^  n 
of  the  most  miscellaneous  kind ;  and  the  author  admits,  with  litHe 
distinction,  truth  and  error,  useful  knowledge  and  absurd  fables.  The 
declamatory  style,  and  the  comprehensive  and  lofty  tone  of  thonght 
which  we  have  already  spoken  of  as  characteristic  of  the  Bomm 
writers,  are  peculiarly  observable  in  him.  The  manner  of  his  death  ii 
well  known :  it  was  occasioned  by  the  eruption  of  Vesuvius,  aj>.  79, 
to  which,  in  his  curiosity,  he  ventured  so  near  as  to  be  suffocated. 

Pliny's  work  acquired  an  almost  unlimited  authority,  as  one  of  the 
standards  of  botanical  knowledge,  in  the  middle  ages ;  but  even  more 
than  his,  that  of  his  contemporary,  Pcdanius  Dioscorides,  of  Anazarbus 
in  Cilicia.  This  work,  written  in  Greek,  is  held  by  the  best  judges"  to 
offer  no  evidence  that  the  author  observed  for  himself.  Yet  he  says 
expressly  in  his  Preface,  that  his  love  of  n^ttural  history,  and  his  mili- 
tary life,  have  led  him  into  many  countries,  in  which  he  has  had 
opportunity  to  become  acquainted  with  the  nature  of  herbs  and  trees." 
He  speaks  of  six  hundred  plants,  but  often  indicates  only  their  names 
and  properties,  giving  no  description  by  which  they  can  be  identified. 
The  main  cause  of  his  great  reputation  in  subsequent  times  was,  that 
he  says  much  of  the  medicinal  virtues  of  vegetables. 

We  come  now  to  the  ages  of  darkness  and  lethargy,  when  the  habit 
of  original  thought  seems  to  die  away,  as  the  talent  of  original  obser- 
vation had  done  before.  Commentators  and  mystics  succeed  to  the 
philosophical  naturalists  of  better  times.  And  though  a  new  race, 
altogether  distinct  in  blood  and  character  from  the  Greek,  appropriates 
to  itself  the  stores  of  Grecian  learning,  this  movement  does  not,  as 
might  be  expected,  break  the  chains  of  literary  slavery.    The  Arabs 


*'  T1l60ph.  iv.  7.    "Ev  fiiv  yap  ru  'A.ipta  irXaravov  oi  tpaviv  sivat  irXify  wt^  t4  Aioft^vf, 

^  Plin.  Nat  SitL  xii  8.    £t  alias  (platanos)  fuiwe  in  Italia^  ac  nominAtim 
iRigMfita,  apnd  anotores  invenitur. 
»  Mirbel,  5la  "  Sprengel,  i  18©. 
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bxiii^  to  the  cnltivation  of  the  science  of  the  Greeks,  their  own 
Offiental  habit  of  submission,  their  oriental  love  of  wonder ;  and  thus, 
while  they  swell  the  herd  of  commentators  and  mystics,  they  produce 
no  plkflofiopber. 

Yet  the  Arabs  discharged  an  important  function  in  the  history  of 
kmDan  knowledge,"  by  preserving,  and  transmitting  to  more  enlight- 
ened times,  the  intellectual  treasures  of  antiquity.  The  unhappy  dis- 
k  which  took  place  in  the  Christian  church  had  scattered  these 
I  over  the  East,  at  a  period  much  antecedent  to  the  rise  of  the 
Suaoen  power.  In  the  fifth  century,  the  adherents  of  Nestorius, 
\Ubof  of  Constantinople,  were  declared  heretical  by  the  Council  of 
Bfhawis  (AJD.  431),  and  driven  into  exile.  In  this  manner,  many  of 
the  most  learned  and  ingenious  men  of  the  Christian  world  were 
removed  to  tbe  Euphrates,  where  they  formed  the  Chaldean  church, 
oected  the  celebrated  Nestorian  school  of  Edessa,  and  gave  rise  to 
many  ofliets  from  this  in  various  regions.  Already,  in  Hie  fifth  cen- 
toiy,  Hibas,  Cnmas,  and  Frobus,  translated  the  writings  of  Aristotle 
into  Syriac     But  the  learned  Nestorians  paid  an  especial  attention  to 

the  lit  of  medicine,  and  were  the  most  zealous  students  of  the  works 
of  the  Gieek  physicians.  At  Djondisabor,  in  Ehusistan,  they  became 
in  ostensble  medical  school,  who  distributed  academical  honors  as 
the  result  of  public  disputations.  The  califs  of  Bagdad  heard  of  the 
ame  and  the  wisdom  of  the  doctors  of  Djondisabor,  summoned  some 
of  them  to  Bagdad,  and  took  measures  for  the  foundation  of  a  school 
of  learning  in  that  city.  The  value  of  the  skiU,  the  learning,  and  the 
Tiitaes  of  the  Nestorians,  was  so  strongly  felt,  that  they  were  allowed 
bv  the  Mohammedans  the  free  exercise  of  the  Christian  religion,  and 
intnutcd  with  the  conduct  of  the  studies  of  those  of  the  Moslemin, 
whose  education  was  most  cared  for.  The  aflSnity  of  the  Syriac  and 
Arabic  languages  made  the  task  of  instruction  more  easy.  The  Nes- 
torians translated  the  works  of  the  ancients  out  of  the  former  into  the 
latter  language :  hence  there  are  still  found  Arabic  manuscripts  of 
Dioacorides,  with  Syriac  words  in  the  margin.  Pliny  and  Aristotle 
likewise  assumed  an  Arabic  dress ;  and  were,  as  well  as  Dioscorides, 
the  foxmdation  of  instruction  in  all  the  Arabian  academies ;  of  which 
a  great  number  were  established  throughout  the  Saracen  empire,  from 
Bokhara  in  the  remotest  east,  to  Marocco  and  Cordova  in  the  west 
After  some  time,  the  Mohammedans  themselves  began  to  translate  and 


"  Sprengel,  L  208. 
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extract  from  their  Syriac  soarces ;  and  at  length  to  write  works  of  their 
own.    And  thus  arose  vast  libraries,  sach  as  that  of  Cordora,  wUck 
contained  250,000  volomes. 

The  Nestoriana  are  stated^'  to  have  first  established  among  the  Anb 
those  collections  of  medicinal  substances  {Apothee€B)f  from  whidioor  ^ 
term  Apothecary  is  taken ;  and  to  have  written  books  (Ditpmmiani^  ' 
containing  systematic  instructions  for  the  employment  of  lliese  medi» 
ments ;  a  word  which  long  continued  to  be  implied  in  the  same  wam^ 
and  which  we  also  retain,  though  in  a  modified  i^lication  (Bik 
penifary). 

The  directors  of  these  collections  were  supposed  to  be  intimitilf 
acquainted  with  plants ;  and  yet,  in  truth,  the  knowledge  of  plflh 
owed  but  little  to  them ;  for  the  Arabic  Bioscorides  was  the  source  aid 
standard  of  their  knowledge.  The  flourishing  commerce  of  the  Ailr 
bians,  their  numerous  and  distant  journeys,  made  them,  no  dodb^ 
practically  acquainted  with  the  productions  of  lands  unknown  to  flw 
Greeks  and  llomans.  Their  Ncstorian  teachers  had  established  Ghm* 
tianity  even  as  far  as  China  and  Malabar;  and  their  tnTeDen 
mention"  the  camphor  of  Sumatra,  the  aloe-wood  of  Socotra  near  Jsvi^ 
the  tea  of  China.  But  they  never  learned  the  art  of  converting  their 
practical  into  speculative  knowledge.  They  treat  of  plants  only  in  «> 
far  as  their  use  in  medicine  is  concerned,^'  and  followed  Diosoorides  in 
the  description,  and  even  in  the  order  of  the  plants,  except  when  they 
arrange  them  according  to  the  Arabic  alphabet  With  little  cleaniea 
of  view,  they  often  mistake  what  they  read  : "  thus  when  Dioscoiidei 
says  that  ligusticon  grows  on  the  Apennines  a  mountain  not  &r  from 
the  Alps ;  Avicenna,  misled  by  a  resemblance  of  the  Arabic  kttei% 
quotes  him  as  sa3riDg  that  the  plant  grows  on  Akabis,  a  mountain  near 

It  is  of  little  use  to  enumerate  such  writers.  One  of  the  most  noted 
of  them  was  Mesue,  physician  of  the  Calif  of  Eahirah.  His  imk, 
which  was  translated  into  Latin  at  a  later  period,  was  entitled.  On  Sia^ 
pie  Medicines  ;  a  title  which  was  common  to  many  medical  treatise^ 
from  the  time  of  Galen  in  the  second  century.  Indeed,  of  this  cfpfO' 
sition  of  simple  and  compound  medicines,  we  still  have  tracea  in  Ofur 
language: 


**  Sprengel,  i  205.  »  Sprengd,  i  208. 

"•  Ih.  L  207.  »  Ih.  1 211 
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He  wonld  ope  his  leathern  eerip, 
And  ehmr  me  timpUM  of  a  thouiand  names, 
TeOing  thdr  strange  and  yigorons  frcnlties. 

MiLTOx,  ComtM. 

Where  the  subject  of  our  history  is  so  entirely  at  a  stand,  it  is 
^mofltable  to  dwell  on  a  list  of  names.  The  Arabians,  small  as  their 
idence  was,  were  able  to  instruct  the  Christians.  Their  \vriting8  were 
bmdated  by  learned  Europeans,  for  instance  Michael  Scot,  and  Con- 
4airtme  of  Africa,  a  Carthaginian  who  had  lived  forty  years  among 
the  Saracena,**  and  who  died  aj}.  1087.  Among  his  works,  is  a  Trea- 
tiie,  De  ChradihuSj  which  contains  the  Arabian  medicinal  lore.  In  the 
thnteenth  century  occur  Encyclopaedias,  as  that  of  Albertus  Magnus, 
Hid  of  Yhicent  of  Beauvais ;  but  these  contain  no  natural  history  except 
taditioiis  and  fables.  Even  the  ancient  writers  were  altogether 
perverted  and  disfigured.  The  Dioscorides  of  the  middle  ages  varied 
materially  from  ours.*^  Monks,  merchants,  and  adventurers  travelled 
&r,  but  knowledge  was  little  increased.  Simon  of  Genoa,**  a  writer  on 
pliBts  m  the  fourteenth  century,  boasts  that  ho  perambulated  the  East 
in  order  to  collect  plants.  **  Yet  in  his  Clavis  SanatUmis^^  says  a 
modem  botanical  writer,**  "  we  discover  no  trace  of  an  acquaintance 
with  nature.  He  merely  compares  the  Greek,  Arabic,  and  Latin 
names  of  plants,  and  gives  their  medicinal  effect  after  his  predeccs- 
lon:" — so  little  true  is  it,  that  the  use  of  the  senses  alone  necessarily 
lads  to  real  knowledge. 

Thongh  the  growing  activity  of  thought  in  Europe,  and  the  revived 
aoqiaaintance  with  the  authors  of  Greece  in  their  genuine  form,  were 
grsdoally  dispelling  the  intellectual  clouds  of  the  middle  ages,  yet 
daring  the  fifteenth  century,  botany  makes  no  approach  to  a  scientific 
form.  The  greater  part  of  the  literature  of  this  subject  consisted  of 
Heibals,  all  of  which  were  formed  on  the  same  plan,  and  appeared 
nnder  titles  such  as  ffortus,  or  Ortus  Sanitutis.  There  are,  for  exam- 
ple, three**  such  German  Ilerbals,  with  woodcuts,  which  date  about 
1490.  But  an  important  peculiarity  in  these  works  is  that  they  con- 
t^  some  indigenous  species  placed  side  by  side  with  the  old  ones.  In 
1516,  The  Orete  Herbal  was  published  in  England,  also  with  woodcuts. 
It  contains  an  account  of  more  than  four  hundred  vegetables,  and  their 


"  Sprengel,  i.  230.  "  lb.  I  239.  "  lb  I  241.  **  lb  lb. 

**  Augsburg,  1488.    Mainz,  1401.    Lubec,  1492. 


mlgaote;  Imt brfim  tbk  tandfluj  eoidd  oponrta tedji  Ihft^U 
doIhij  wm  doBtmri  to  ihowi  in  ^boHmt  \ 
gnt6Ail  to  nuuii  ofon  whon  vonsBd  to  inw 
itocl7  of  tnditioii  than  the  study  of  nataan.  IVkril  Ai  «ii 
Europe  had  become  acquainted  with  fhe  gemma  woAb  «f  thai 
in  the  original  langnageS)  the  pleamue  and  adnumtioa  whidiH 
led  them  to  the  moat  aealoaa  endeavon  to  iOnatnte  and  iff 
they  read,  lliey  M  into  the  error  of  aiqypoang  that  tti 
described  by  TheophrastnBi  Bioacorideti  Pliny,  nrast  be  thoac 
grew  in  their  own  fields.  And  thns  Bnellinsi**  a  French  pk 
who  only  travelled  in  the  enyirons  of  Paris  and  iKcaidyy  imi^ 
he  found  there  the  plants  of  Italy  and  Greece.  The  origiM 
genuine  botany  in  Germany,  Brunfids  and  l^agus  (BoQk)|  ooi 
the  same  mistake ;  and  hence  arose  the  misi^licatum  of  < 
names  to  many  genera.  The  labors  of  many  other  leaned  n 
the  same  direction,  of  treating  the  ancient  writers  as  if  thi 
were  the  sources  of  knowledge  and  truth. 

But  the  philosophical  spirit  of  Europe  was  already  too  Tigc 
allow  this  superstitious  erudition  to  exercise  a  lasting  awqf^" 
cenus,  who  taught  at  Ferrara  tiU  he  was  ahnost  a  hundred  j^ 
and  died  in  1524,**  disputed,  with  great  fifeedom,  the  anthoci^ 
Arabian  writers,  and  even  of  Pliny.  He  saw,  and  showei^l 
examples,  how  little  Pliny  himself  knew  of  nature,  and  hsfl 
errors  he  had  made  or  transmitted.  The  same  indepeHl| 
thought  with  regard  to  other  ancient  writers,  was  mamfestei^i 
scholars.    Yet  the  power  of  ancient  authority  melted  away^i 
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Ptafamie  foim  of  diak^iie)^  has  still  the  character  of  a  commentary  on 
Aftandenta. 

Hie  Gcnnaos  appear  to  have  been  the  first  to  liberate  themselves 
fan  this  thraldom,  and  to  publish  works  founded  mainly  on  actual 
ilHtfation.  The  first  of  the  botanists  who  had  this  great  merit  is 
Olho  Branfels  of  Mentz,  whose  work,  Herharum  Viva  Icones^  appeared 
klMO.  It  consists  of  two  volumes  in  folio,  with  wood-cuts;  and  in 
1112,  a  Gennan  edition  waa  published.  The  plants  which  it  contains 
■i  given  without  any  arrangement,  and  thus  he  belongs  to  the  period 
rf  vnayiteniatie  knowledge.  Yet  the  progress  towards  the  forma- 
lin cf  a  system  manifested  itself  so  immediately  in  the  series  of  Ger- 
■n  botanists  to  which  he  belongs,  that  we  might  with  almost  equal 
fHfmfcy  transfer  him  to  the  history  of  that  progress ;  to  which  we 
mrpioceed. 


CHAPTER  HL 

FOBMATIOK   OF   A  StBTSM   OF  ARRANGEMENT  OF  PlANTB. 


Sect,  1. — Prelude  to  the  Epoch  of  Ccesalpintis, 

flE  arrangement  of  plants  in  tlic  earliest  works  was  either  arbi- 
trary, or  according  to  their  use,  or  some  other  extraneous  circum- 
itance,  as  in  Pliny.  This  and  the  division  of  vegetables  by  Dioscorides 
into  aromatic^  alimentary^  medicinal^  vinous^  is,  as  will  be  easily  seen, 
a  meiely  casual  distribution.  Tlic  Arabian  writers,  and  those  of  the 
middle  ages,  showed  still  more  clearly  their  insensibility  to  the  nature 
of  system,  by  adopting  an  alphabetical  arrangement ;  which  was  cm- 
I^oyed  also  in  the  Herbals  of  the  sixteenth  century.  Brunfels,  as  we 
have  said,  adopted  no  principle  of  order ;  nor  did  his  successor,  Fuchs. 
Yet  the  latter  writer  urged  his  countrymen  to  put  aside  their  Arabian 
and  barbarous  Latin  doctors,  and  to  observe  the  vegetable  kingdom  for 
themselves;  and  he  himself  set  the  example  of  doing  this,  examined 
plants  with  zeal  and  accuracy,  and  made  above  fifteen  hundred  draw- 
ings of  them.* 


'  His  HiMtima  Stirpium  was  published  at  Basil  in  1642. 
Vol.  IL— 24. 
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The  difBcolty  of  representiDg  plants  in  any  naefiil  way  by  meana  a  f^ 
drawings,  is  greater,  perhaps,  than  it  at  first  appears.  So  long  aa  ao  ^ 
distinction  was  made  of  the  importance  of  different  organs  of  the  phn^  i^^ 
a  picture  representing  merely  the  obvious  general  appearance  aid  .^ 
larger  parts,  was  of  comparatively  small  value.  Hence  we  are  noi J»  ^ 
wonder  at  the  slighting  manner  in  which  Pliny  npeaks  of  such  nooirik  ^ 
^  Those  who  gave  such  pictures  of  plants,"  he  says,  ^  Gratenasi  Dian^  • 
sins,  Metrodorus,  have  shown  nothing  clearly,  except  the  difficnUj  if  ^ 
their  undertaking.  A  picture  may  be  mistaken,  and  is  changed.  Md 
disfigured  by  copyists;  and,  without  these  imperfectiona,  it  k  Ml  ^ 
enough  to  represent  the  plant  in  one  state,  nnce  it  has  fbor  diffiBnit 
aiq>ects  in  the  four  seasons  of  the  year."  ^^ 

The  diffusion  of  the  habit  of  exact  drawing,  especially  among  tibi  . 

countrymen  of  Albert  Durcr  and  Lucas  Cranach,  and  the  inventioa  sf  ^^^ 
wood-cuts  and  copper-plates,  remedied  some  of  these  defects.  Hon-  ^^ 
over,  the  conviction  gradually  arose  in  men's  minds  that  the  stnctSR  ^ 
of  the  flower  and  the  fruit  are  the  most  important  circumstances  iB  ^ 
fixing  the  identity  of  the  plant.  Thcophrastus  speaks  with  predoos  .^:^ 
of  the  organs  which  he  describes,  but  these  are  principally  the  leavv,  . 
roots,  and  stems.  Fuchs  uses  the  term  apices  for  the  anthen^  sad  ^ 
gluma  for  the  blossom  of  grasses,  thus  showing  that  he  had  notiMd  ^ 
these  parts  as  generally  present  ^ 

In  the  next  writer  whom  we  have  to  mention,  we  find  some  trsoes    ^ 
of  a  perception  of  the  real  resemblances  of  plants  beginning  to  appesr. 
It  is  impossible  to  explain  the  progress  of  such  views  without  a«ffiinii^| 
in  the  reader  some  acquaintance  with  plants ;  but  a  veiy  few  wordi    ^_ 
may  suffice  to  convey  the  requisite  notions.    Even  in  plants  whieh    , 
most  commonly  come  in  our  way,  we  may  perceive  instances  of  the     « 
resemblances  of  ^vhich  we  speak.    Thus,  Mint,  Maijoram,  Basil,  Sage,     " 
Lavender,  Tliymc,  Dead-nettle,  and  many  other  plants,  have  a  tabnlsr 
flower,  of  which  the  mouth  is  divided  into  two  lips ;  hence  they  are 
formed  into  a  family,  and  termed  Labiatce,    Again,  thie  Stock,  the 
Wall-flower,  the  Mustard,  the  Cress,  the  Lady-smock,  the  Shepheid*s- 
purse,  have,  among  other  similarities,  their  blossoms  with  four  petals 
arranged  crosswise;  these  are  all  of  the  order  Crttcifera.     Other 
flowers,  apparently  more  complex,  still  resemble  each  other,  aa  Daisy, 
Marigold,  Aster,  and  Chamomile;  these  belong  to  the  order  d^rn- 
jxmtcB,    And  though  the  members  of  each  such  family  may  differ 
widely  in  their  larger  parts,  their  stems  and  leaves,  tlie  close  study  of 
nature  leads  the  botanist  irresistibly  to  consider  their  resemblances  as 
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tatmppng  a  &r  more  important  place  than  their  differences.  It  is  the 
|Benl  establishment  of  this  conviction  and  its  consequences  which 
nhsfe  now  to  Mow. 

Hie  flnt  writer  in  whom  we  find  the  traces  of  an  arrangement 
jywMting  upon  these  natural  resemblances,  is  Hieronymns  Tragos, 
(bran  Bock^)  a  laborions  German  botanist,  who,  in  1551,  published 
iheAaL  In  this  work,  seTeral  of  the  species  included  in  those  natn- 
il  ftmiliea  to  which  we  have  alluded,'  as  for  instance  the  Labiate, 
ia  C^neifens,  the  Compositie,  are  for  the  most  part  brought  together; 
■d  thna,  ahhough  with  many  mistakes  as  to  such  connexions,  a  new 
pWple  €i  order  is  introduced  into  the  subject 

In  pnrsning  the  development  of  such  principles  of  natural  order,  it 
is  MoeHaiy  to  recollect  that  the  principles  lead  to  an  assemblage  of 
I  and  groups,  successively  subordinate,  the  lower  to  the  higher, 
I  the  brigades,  regiments,  and  companies  of  an  army,  or  the  pro- 
towna,  and  parishes  of  a  kingdom.  Species  are  included  in 
flsMra,  Genera  in  Families  or  Orders,  and  orders  in  Gasses.  The 
I  that  there  is  some  conDcxion  among  the  species  of  plants, 
I  the  first  essential  step;  the  detection  of  different  marks  and  cha- 
( which  should  give,  on  the  one  hand,  limited  groups,  on  the 
other,  eomprehensive  divisions,  were  other  highly  important  parts  of 
this  advance.  To  point  out  every  successive  movement  in  this  pro- 
gress would  be  a  task  of  extreme  difficulty,  but  we  may  note,  as  the 
■Oit  prominent  portions  of  it,  the  establishment  of  the  groups  which 
inmediately  include  Species,  that  is,  the  formation  of  Genera;  and 
Ae  invention  of  a  method  which  should  distribute  into  consistent  and 
distinct  divisions  the  whole  vegetable  kingdom,  that  is,  the  construe- 
fkmf^a  System. 

To  the  second  of  those  two  steps  we  have  no  difficulty  in  assigning 
its  proper  author.  It  belongs  to  Csesalpinus,  and  marks  the  first  great 
epodi  of  this  science.  It  is  less  easy  to  state  to  what  botanist  is  due 
the  establishment  of  Genera ;  yet  we  may  justly  assign  the  greater 
part  of  the  merit  of  this  invention,  as  is  usually  done,  to  Conrad 
Oesaner  of  Zurich.  This  eminent  naturalist,  after  publishing  his 
great  work  on  animals,  died'  of  the  plague  in  1565,  at  the  age  of 
farty-nine,  while  he  was  preparing  to  publish  a  History  of  Plants,  a 
w&apA  to  his  History  of  Animals.    The  fiate  of  the  work  thus  .eft  un- 


"  SpreDgd,  i  270. 

*  Oavitf,  Z^fOfM  tur  VEUt,  det  Sciences  JfaiureUes,  partie  ii.  p.  198. 
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i(?d  was  remnrkable*  It  fell  into  the  hands  of  his  pupil,  Gaspa 
',  who  was  to  have  puhlifihed  it,  but  wanting  lebnre  for  tbo  offii 
it  to  Joachim  Camerariua,  a  physician  and  botanist  of  Nureuibei 
iTiado  use  of  the  engravings  prepared  by  Gcasnor,  in  an  EpiUM 
h  h^  published  in  1586-  The  t^xt  of  Gessncr^a  work,  after  pa 
l^rough  various  hands,  vv^aa  pubhshed  in  1754  under  tho  title  < 
(icri  Ojiera  Botanka  per  duo  Saecula  desiderata,  dtc-,  but  i»  t* 
uplete,  -4 
ic  imperfect  state  in  which  Qeasner  left  his  botanical  laba 
^s  it  Tieccssaiy  to  seek  the  evidence  of  his  peculiar  views  in  sc 
1  pjissagos  of  his  correspondence  and  other  works.  One  of  ] 
:  merits  was,  that  he  saw  the  peculiar  importance  of  the  floq 
fniit  as  affonling  the  charactere  by  which  tJio  affinities  of  plu 

to  he  detected;  and  that  he  urged  tiiia  view  upon  his  coDt«iii{ 
^.  His  plates  present  to  us,  by  tho  side  of  each  plant,  ita  flan 
lU  fruity  carefully  engraved.  And  in  his  communications  with  ] 
lical  correspondentfi,  ho  repeatedly  insists  on  these  parts,  Thiy 
Wj5  he  writes  to  Zuinger  concerning  some  foreign  plants  wh^ 
rUt*'r  posscsiied :  "  Tell  me  if  your  plants  have  fniit  and  tiowei^ 

liS  stalk  and  leaves*  for  those  are  of  much  tho  trreatcr  co^ 

■ 
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The  labors  of  Gessner  in  botany,  both  on  account  of  the  unfinished 
itite  in  which  he  left  the  application  of  his  principles,  and  on  account 
d  the  absence  of  any  principles  manifestly  applicable  to  the  whole 
atent  of  the  vegetable  kingdom,  can  only  be  considered  as  a  prelude 
to  the  epoch  in  which  those  defects  were  supplied.  To  that  epoch  we 
Doir  prooeed. 

Sect  2. — JSpoeh  of  Ccesalpinus, — Formation  cf  a  System  of  Arrangt- 

mcnt. 

If  any  one  were  disposed  to  question  whether  Natural  History  truly 
bdbngs  to  the  domain  of  Inductive  Science ; — ^whether  it  is  to  be 
pRMeented  by  the  same  methods,  and  requires  the  same  endowments 
ef  mind  as  those  which  lead  to  the  successful  cultivation  of  the  Physi- 
cal Sciences, — ^the  circumstances  under  which  Botany  has  made  its 
advance  appear  fitted  to  remove  such  doubts.  The  first  decided  step 
in  this  study  was  merely  the  construction  of  a  classification  of  its  sub- 
jects. We  shall,  I  trust,  be  able  to  show  that  such  a  classification 
indndes,  in  reality,  the  establishment  of  one  general  principle,  and 
leads  to  more.  But  without  hero  dwelling  on  this  point,  it  is  worth 
notice  that  the  person  to  whom  wo  owe  this  classification,  Andreas 
Oesalpinus  of  Arczzo,  was  one  of  the  most  philosophical  men  of  his 
time^  profoundly  skilled  in  the  Aristotelian  lore  which  was  then 
erteemed,  yet  gifl»d  with  courage  and  sagacity  which  enabled  him  to 
wd{^  the  value  of  the  Peripatetic  doctrines,  to  reject  what  seemed 
error,  and  to  look  onwards  to  a  better  philosophy.  "  Uow  are  wc  to 
understand,^  ho  inquires,  *^  that  wc  must  proceed  from  univcrsals  to 
particulars  (as  Aristotle  directs),  when  particulars  are  better  known  ?'" 
Yet  he  treats  the  Master  with  deference,  and,  as  has  been  observed,' 
we  see  in  his  great  botanical  work  deep  traces  of  the  best  features  of 
Ae  Aristotelian  school,  logic  and  method ;  and,  indeed,  in  this  work 
be  firequently  refers  to  his  QucBstiones  Peripateticas,  His  book,  entitled 
Dff  PlaniU  libri  zvi.  appeared  at  Florence  in  1583.  The  aspect  under 
^  which  his  task  presented  itself  to  his  mind  appears  to  me  to  possess  so 
^  '^'sinch  interest,  tiiat  I  will  transcribe  a  few  of  his  reflections.  After 
q^king  of  the  splendid  multiplicity  of  the  productions  of  nature,  and 
tte  orafiision  which  has  hitherto  prevailed  among  writers  on  plants. 


^     '  QiwiMofWfl  F^ripatetiem,  (1669,)  lib.  L  quart,  i  ^  Cuvier,  p.  19& 
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wing  ireftanrea  of  the  botanical  world;  he  ad^*  "In  thi 
G  multitude  of  plants,  I  sec  that  want  whicli  is  most  felt  in  an; 
^ordered  crowd  :  if  sucL  an  asaemblage  be  not  arranged  int 
-.  like  ftTi  army,  all  must  be  tumult  and  fluctnation.  And  thj 
igly  happens  in  the  treatment  of  plants  :  for  the  mind  h  ovea 
d  by  the  confused  accumulation  of  things,  and  thus  anscendJei 

and  angry  altercation*"  He  then  states  his  general  vici* 
asi  we  shall  see,  was  adopted  by  his  successors,  **  Since  ill 
onsisfs  in  the  collection  of  timilarj  and  tfie  distinction  of  dim 
iingjfj  and  since  the  consequence  of  this  is  a  distributiou  iut 
nnd  species,  which  are  to  be  natural  clasees  governed  by  tea 
:es,  I  have  attempted  to  execute  this  task  in  the  wbol©  rangi 
A  ;— nt  si  quid  pro  ingcuii  mei  tenuitate  in  hujosmodi  stadw 
im,  ad  communem  trtilitatem  proferam  "  We  see  her©  hcffl 
\w  claims  for  himself  the  credit  of  being  the  first  to  execute  thi 
nrrangement. 

certain  preparatory  specdationSj  bd  iays,'  **Ijet  ns  noi 
r  to  mart  the  kinda  of  plants  by  essential  circumstances  i( 
tifi cation "  He  then  observe^  "In  the  constitution  of  organi 
jing^ar^mainl^imDortan^^lK^mmbe^U 

■ 
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To  Munepenons  it  may  appear  that  this  arbitrary  distrilmtion  of  the 
fiegetahle  kingd^Mii,  acc<»ding  to  the  number  of  parts  of  a  partionlar 
kind,  cannot  deserve  to  be  spoken  of  as  a  great  discovery.  And  % 
indaedffhe  distribution  had  been  arbitrary,  this  wonld  have  been  trae ; 
tka  real  merit  of  this  and  of  every  other  system  is,  that  while  it  is  artifi- 
eial  in  its  form,  it  is  natural  in  its  results.  The  plants  which  are  asso- 
ciated by  the  arrangement  of  Cnsalpinns,  are  those  which  have  the 
ckMest  resemblances  in  the  most  essential  points.  Thus,  as  Linnnue 
Myi,  though  the  fint  in  attempting  to  form  natural  orders,  he  observed 
as  many  as  the  most  successful  of  later  writers.  Thus  his  Legumina^^ 
eonopond  to  the  natural  order  ZeffunUnoias ;  his  genus  Fendaceum^^ 
lo  the  Umhdlatm;  his  Bulbaeea^*  to  Liliacece ;  his  Anthemidet^*  to 
the  Campotitm;  in  like  manner,  the  Boraginea  are  brought  together,^* 
and  the  Lahiata,  That  such  assemblages  are  produced  by  the  appli- 
eifcion  of  his  principles,  is  a  sufScient  evidence  that  they  have  their 
fanndation  in  the  general  laws  of  the  vegetable  world.  If  this  had 
not  been  the  case,  the  mere  application  of  number  or  figure  alone  as  a 
standard  of  arrangement,  would  have  produced  only  intolerable  ano- 
malies. !£,  for  instance,  Csesalpinus  had  arranged  plants  by  the  num- 
ber of  lowers  on  the  same  stdk,  he  would  have  separated  individuals 
of  the  same  qpecies ;  if  ho  had  distributed  them  according  to  the  num- 
ber ct  leaflets  which  compose  the  leaves,  he  would  have  had  to  place 
ftr  aaonder  different  species  of  the  same  genus.  Or,  as  he  himself 
iq^^  **  If  we  make  one  genus  of  those  which  have  a  round  root,  as 
Bi^nm,  Aristolochia,  Gyclaminus,  Aton,  we  shall  separate  from  this 
genna  those  which  most  agree  with  it,  as  Napum  and  Ri4>hanum, 
which  resemble  Rapum,  and  the  long  Aristolochia,  which  resem- 
bles the  round;  while  we  shall  join  the  most  remote  kinds,  for  the 
ttstoie  of  Gyclaminus  and  Rapum  is  altogether  diverse  in  all  other 
laipects.  Or  if  we  attend  to  the  differences  of  stalk,  so  as  to  make 
one  genus  of  those  which  have  a  naked  stalk,  as  the  Junci,  Cspe, 
AphawB,  along  with  Cicoraces,  ViolsB,  we  shall  still  connect  the  most 
unlike  things,  and  disjoin  the  closest  afiSnitics.  And  if  we  note  the 
differences  of  leaves,  or  even  flowers,  we  fall  into  the  same  difficulty ; 
ixr  many  plants  very  different  in  kind  have  leaves  very  similar,  as 
Polygonum  and  Hypericum,  Emea  and  Sesamois,  Apium  and  Ranun- 
colna ;  and  plants  of  the  same  genus  have  sometimes  very  different 
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leaves,  as  the  several  species  of  Bannnculiu  and  of  I^ustoca.  Ner  iriD 
color  or  shape  of  the  flowers  help  OB  better;  for  vhat  has  Yitia  in  oon- 
mon  with  (Enanthe,  except  the  resemblance  of  the  flower  T'  Hetim 
goes  on  to  say,  that  if  we  seek  a  too  dose  coincidence  of  all  the  dai 
ractcrs  we  shall  have  no  Species ;  and  thns  shows  ns  that  he  had  duMly 
before  his  view  the  difficulty  which  he  had  to  attack,  and  which  it  ii 
his  glory  to  have  overcome,  that  of  constructing  Natural  Ordea»     . .  i 

But  as  the  principles  of  Csesalpinus  are  justified,  on  the  one  ] 
by  their  leading  to  Natural  Orders^  they  are  recommended  oa 
other  by  their  producing  a  System  which  applies  through  the  ^ 
extent  of  the  v(^table  kiugdom.  The  parts  from  which  he  takea  Ui 
characters  must  occur  in  all  flowering-plants,  for  aU  such  planta  hnt 
seeds.  And  these  seeds,  if  not  very  numerous  for  each  flower,  will-bt 
of  a  certain  definite  number  and  orderly  distribution.  And  thn 
every  plant  will  fall  into  one  part  or  other  of  the  same  system. 

It  is  not  difficult  to  point  out,  in  tliis  induction  of  Coesalpinns,  the 
two  elements  which  we  have  so  often  declared  must  occur  in  aU 
inductive  processes ;  the  exact  acquaintance  with  facts,  and  the  gene- 
ral and  applicable  ideas  by  which  these  facts  are  brought  togethea 
Gffisalpinus  was  no  mere  dealer  in  intellectual  relations  or  learned  tra- 
ditions, but  a  laborious  and  persevering  collector  of  plants  and  of  bot^ 
nical  knowledge.  ^For  many  years,''  he  says  in  his  Dedication,'^! 
have  been  pursuing  my  researches  in  various  regions,  habitually  visi^ 
ing  tlie  places  in  which  grew  the  various  kinds  of  herbs,  shrubs,  and 
trees;  I  have  been  assisted  by  the  labors  of  many  friends,  and  by  ga^ 
(lens  established  for  the  public  benefit,  and  containing  foreign  plants 
ooUectcil  from  tlie  most  remote  regions.''  lie  here  refers  to  the  firrt 
garden  directed  to  the  public  study  of  Botany,  which  was  that  of 
Pisa,"  instituted  in  1543,  by  order  of  the  Grand  Duke  Cosmo  the 
First  The  management  of  it  was  confided  first  to  Lucas  Ghini,  and 
afterwards  to  Ca^salpinus.  lie  had  collected  also  a  herbarium  of  dried 
plants,  which  he  calls  tlie  nidiment  of  his  work.  ^^  Tibi  enim,"  he 
says,  in  his  dedication  to  Francis  Medici,  Grand  Duke  of  Etmria, 
''  apud  quem  cxtat  ejus  nidimcntum  ex  plantis  libro  agglutinatis  a  me 
compositum."  And,  throughout,  he  speaks  with  the  most  fiuniliar  and 
vivid  acquaintance  of  tlie  various  vegetables  which  he  describes. 

But  Csesalpinus  also  possessed  fixed  and  general  views  concerning 
the  relation  and  functions  of  the  parts  of  plants,  and  ideas  of  symmetry 

'^  Cuv.  187. 
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Hid  lystein;  without  which,  as  we  see  in  other  botanists  of  his  and 
■pweding  times,  the  mere  accmnulation  of  a  knowledge  of  details 
iom  not  lead  to  any  advance  in  science.  We  have  already  mentioned 
Us  reference  to  general  philosophical  principles,  both  of  the  Fcripatc- 
tin  and  of  his  own.  The  first  twelve  chapters  of  his  work  are  em- 
fioyed  in  explaining  the  general  structure  of  plants,  and  especially 
that  point  to  which  ho  justly  attaches  so  much  importance,  the  results 
d  the  different  situation  of  the  cor  or  corculum  of  the  seed.  lie 
Aowi"  that  if  we  take  the  root,  or  stem,  or  leaves,  or  blossom,  as  our 
gnde  in  dassification,  we  shall  separate  plants  obviously  ali^e,  and 
^fmn'mnte  those  which  have  merely  superficial  resemblances.  And 
im  we  see  that  he  had  in  his  mind  ideas  of  fixed  resemblance  and 
ifimetrieal  distribution,  which  he  sedulously  endeavored  to  apply  to 
fhate;  while  his  acquaintance  with  the  vegetable  kingdom  enabled 
Urn  to  see  in  what  manner  these  ideas  were  not^  and  in  what  manner 
tkflj  were,  really  applicable. 

The  great  merit  and  originality  of  Ca^pinus  have  been  generally 
alkmed,  by  the  best  of  the  more  modem  writers  on  Botany.  Lin- 
UBQi  calls  him  one  of  the  founders  of  the  science ;  ^  Primus  verus 
sfstemafcieas ;'' "  and,  as  if  not  satisfied  with  the  expression  of  his 
admintion  in  prose,  hangs  a  poetical  garland  on  the  tomb  of  his  hero. 
The  following  distich  concludes  his  remarks  on  this  writer : 

Qulsqius  hio  extiterit  primos  concedet  honores 
CiBsalpijie  Ubi ;  primaque  ecrta  dabit : 

and  similar  language  of  praise  has  been  applied  to  him  by  the  best 
botanists  up  to  CuWcr,"  who  justly  terms  his  book  "  a  work  of  genius." 
Perhaps  the  great  advance  made  in  this  science  by  Ca3salpinu8,  is 
most  strongly  shown  by  this ;  that  no  one  ai)pearcd,  to  follow  the  path 
which  he  had  opened  to  system  and  symmetry,  for  nearly  a  century. 
Moreover,  when  the  progress  of  this  branch  of  knowledge  was  resumed, 
hia  next  successor,  Morison,  did  not  choose  to  acknowledge  that  he 
had  borrowed  so  much  from  so  old  a  writer ;  and  thus,  hardly  men- 
tions his  name,  although  he  takes  advantige  of  his  laborss  and  even 
transcribes  his  words  without  acknowledgement,  as  I  shall  show.  The 
{Muise  between  the  great  invention  of  Cicsalpinus,  and  its  natural  sequel, 
the  developeraent  and  improvement  of  his  method,  is  so  marked,  that  I 


'  lib.  i.  cap.  xii.  '•  Fhilosoph.  BoL  p.  19.  *»  Cuv.  ffiti.  198. 
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will,  in  order  to  avoid  too  great  an  interraption  of  chronolojpoal  ordei^ 
record  some  of  its  circnnutancea  in  a  separate  section. 

Sect,  3d — Stationary  Interval. 

Thb  method  of  CiBsalpinnB  was  not,  at  firrt,  generally  adopted,  tt 
had,  indeed,  some  disadvantages.  Employed  in  drawing  the  bonndn^ 
lines  of  the  hirger  divisions  of  the  vegetable  kingdcmi,  he  had  < 
those  smaUcr  groups.  Genera,  which  were  both  most  obvious  to 
mon  bo^ists,  and  roost  convenient  in  the  description  and  comp 
of  plants.  He  had  also  neglected  to  give  the  Synonyms  of  othHf 
anthers  for  the  plants  spoken  of  by  him ;  an  appendage  to  botaoiMl 
descriptions,  which  the  increase  of  botanical  information  and  botanieii 
boola  had  now  rendered  indispensable.  And  thns  it  happened,  that  a 
work,  which  most  always  bo  considered  as  forming  a  great  epodi  ii 
the  science  to  which  it  refers,  was  probably  little  read,  and  in  a  short 
time  conld  be  treated  as  if  it  were  quite  forgotten. 

In  the  mean  time,  the  science  was  gradually  improved  in  its  detsik 
Clusius,  or  Charles  de  I'Eduse,  first  taught  botanists  to  describe  welt 
*< Before  him,"  says  Mirbel,*^  ''the  descriptions  were  diffuse,  obeem^ 
indistinct;  or  else  concise,  incomplete,  vague.  Clusius  introdnosl 
exactitude,  precision,  neatness,  elegance,  method:  he  says  nothiag 
superfluous;  he  omits  nothing  necessary."  He  travelled  over  greiA 
part  of  Europe,  and  published  various  works  on  the  more  rare  of  the 
plants  which  he  had  seen.  Among  such  plants,  wo  may  note  now  one 
well  known,  the  potato ;  which  he  describes  as  being  commonly  used  in 
Italy  in  1586;**  thus  throwing  doubt,  at  least,  on  the  opinion  whidi 
ascribes  the  first  introduction  of  it  into  Europe  to  Sir  Walter  Raleigh, 
on  his  return  from  Virginia,  about  the  same  period.  As  serving  to 
illustrate,  both  this  point,  and  the  descriptive  style  of  Clusius,  I  quote, 
in  a  note,  his  description  of  the  flower  of  this  plant** 


"  PkytM,  Veg.  p  626.  ■*  Glnaiiii.    ExoHc  iv.  o.  62,  p.  Ixsiz. 

**  "FkpMPeroAnonim.  Araohidna,  Theoph.  forte.  Floras  degantet,  i 
lis  smiditadinis  aut  mijores,  angulou,  ringolari  folio  oonstute^  sed  its 
eomplicato  ut  qninque  folia  disoreta  Tideontur,  oolorii  ezterini  ex  purpura 
oandioantis,  interius  purparaseenti^  radiis  quinqae  herbaoeii  ez  mnK«1ifft  itdbB 
instar  prodeuntibiu,  et  totidem  staminibiis  flaviB  in  umbonem  ooeantaboik" 

He  sayi  that  the  Italians  do  not  know  whenee  they  had  the  plants  and  that 
they  call  it  Taratm^L  The  name  Potato  was,  in  England,  previoiisly  applied 
to  the  Sweet  Potato  ICorwoiwului  batatoM),  whieh  was  the  «oiiMPiofi  Ftotato,  in 
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The  addition  of  eiotic  i^>ecies  to  the  nmnber  of  known  plants  was 
Meed  going  on  n^idly  during  the  interval  which  we  are  now  con- 
■dering.  Francis  Hemandei,  a  Spaniard,  who  visited  America  towards 
tke  end  of  the  sixteenth  centory,  collected  and  described  many  plants 
rfdiat  country,  some  of  which  were  afterwards  published  by  Recchi.'* 
hrnahas  Cobo,  who  went  as  a  missionary  to  America  in  1596,  also 
iMribed  plants,**  Hie  Datch,  among  other  exertions  which  they 
■•da  in  their  straggle  with  the  tyranny  of  Spain,  sent  out  an  expedi- 
liM  whkb,  for  a  time,  conquered  the  Brasils ;  and  among  other  fruits 
rf  ftii  oonqnest,  they  published  an  account  of  the  natural  history  of 
haooimtiy.**  To  avoid  interrupting  the  connexion  of  such  labors,  I 
■I  hen  cany  them  on  a  little  further  in  the  order  of  time.  Paul 
BHBan,  of  Halle,  in  Saxony,  went  to  the  Cape  of  Good  Hope  and  to 
Oi^oii;  and  on  his  return,  astonished  the  botanists  of  Europe  by  the 
iHt  quantity  of  remarkable  plants  which  he  introduced  to  their  know- 
ledge.** Rheede,  the  Dutch  governor  of  Malabar,  ordered  descriptions 
nd  drawings  to  be  made  of  many  curious  species,  which  were  pub- 
lahed  in  a  large  work  in  twelve  folio  volumes."  Rumphe,  another 
Datdh  consul  at  Amboyna,**  labored  with  zeal  and  success  upon  the 
piaati  cf  the  Moluccas.  Some  species  which  occur  in  Madagascar 
Igmd  m  a  description  of  that  island  composed  by  the  French  Gom- 
■aadant  Flacourt**  Shortly  afterwards,  Engelbert  Esempfcr,"  a 
iTcetphalian  of  great  acquirements  and  undaunted  courage,  visited 
hnuLf  Arabia  Felix,  the  Mogul  Empire,  Ceylon,  Bengal,  Sumatra, 
Fata,  Siam,  Japan ;  Wheler  travelled  in  Greece  and  Asia  Minor ;  and 
Bteraid,  the  English  consul,  published  an  account  of  the  plants  of  the 
le^borhood  of  Smyrna. 


itiDn  to  the  Virginian  Potato,  at  the  time  of  Gerard's  Herbal    (1697  f) 
Qtmd's  figures  of  both  plants  are  copied  from  those  of  Closiiis. 

H  may  be  seen  by  the  description  of  Arachidna,  already  quoted  from  Theo- 
pliraaliMS  (above,)  that  there  is  little  plausibility  in  Closius's  conjecture  of  the 
phnt  being  Vnown  to  the  ancients.    I  need  not  inform  the  botanist  that  this 
I  is  untenable. 
**  JTova  Planlarwm  Regni  Mexicana  HiHaria,  Rom.  1661,  foL 

*  Bprengel,  Oe^ch.  der  Botanik,  il  62. 

*  Hittoria  Natwrali*  BroiUia,  L.  B.  1648,  foL  (Piso  and  Maregraf ). 
^  Mu9eum  Zeylaniewn,  L.  B.  1*726. 

*  iTorfiM  Jialabarieut,  16*70-1708. 

*  Merharium  Amlnnnense,  Amsterdam,  1741-61,  foL 

*  Bittoire  d4  la  grande  Isle  Madagascar,  FSris»  1661. 
"  AsMmiiaU9  Exotiem,  Lemgov.  1712.    4to. 
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At  the  same  time,  the  New  World  excited  also  the  corionty  of 
botaniste.  Hans  Sloane  collected  the  plants  of  Jamaica;  John  Buam 
Xer  those  of  Virginia;  William  Vernon,  also  an  Englishman,  aai 
David  Kricgc,  a  Saxon,  those  of  Maryland ;  two  frenchmen,  Smm 
and  Father  Plnmicr,  those  of  Saint  Dcmiingo.  -  v. 

We  may  add  that  public  botanical  gardens  vere  aboat  this  tii| 
established  all  over  Europe.  We  have  already  noticed  the  institntMl 
of  that  of  Pisa  in  1543  ;  the  second  was  that  of  Padua  in  1645 ;  Ol 
next,  that  of  Florence  in  1556 ;  the  fourth,  that  of  Bologna,  15tt4 
that  of  Home,  in  the  Vatican,  dates  also  from  1568.  "• 

The  first  transalpine  garden  of  this  kind  arose  at  Leyden  in  157tt 
that  of  Leipzig  in  1580.  Henry  the  Fourth  of  France  established  Ml 
at  MontpcUier  in  1597.  Several  others  were  instituted  in  Germnff 
but  that  of  Paris  did  not  b^n  to  exist  till  1626 ;  that  of  XTpsal,  aft» 
wanls  80  celebrated,  took  its  rise  in  1657,  that  of  Amsterdam  in  1664 
Morisoii,  whom  we  shall  soon  have  to  mention,  calls  himself  in  1680^ 
the  first  Director  of  the  Botanical  Garden  at  Oxford. 

[2nd  Ed.]  [To  what  is  above  said  of  Botanical  Gardens  and  Bota» 
f?al  Writers,  between  the  times  of  Cffisalpinus  and  Morison,  I  may  ail 
a  few  circumstances.  The  first  academical  garden  in  France  was  thil 
at  Montpellier,  which  was  established  by  Peter  Richier  de  Belleval^  il 
the  end  of  the  sixteenth  century.  About  the  same  period,  rare  flowcB 
were  cultivated  at  Paris,  and  pictures  of  them  made,  in  order  to  supply 
the  embroiderers  of  the  court-robes  with  new  patterns.  Thus  fignm 
of  the  most  beautiful  flowers  in  the  garden  of  Peter  Robins  were  pub- 
lished by  the  courtrembroidcrer  Peter  Yallet,  in  1608,  under  the  titk 
o(  Ze  Jardin  da  Hoi  Henrtj  IV.  But  Robins*  works  were  of  great 
scr\'icc  to  botany ;  and  his  garden  assisted  the  studies  of  Renealmoi 
(Paul  Kcncaulme),  whose  Specimen  Historite  Plantarum  (Faxn^  1611), 
is  highly  spoken  of  by  the  best  botanists.  Recently,  Mr.  Robert  Brown 
has  named  after  him  a  new  genus  of  Iridem  (Rbnsalhia)  ;  adding. 
''Dixi  in  memoriam  Pauli  Renealmi,  botanici  sui  oevi  accuratissimi 
atque  staminum  primi  scrutatoris ;  qui  non  mode  eorum  numerum  el 
situm,  sed  etiam  filamentorum  proportioncm  passim  descripait,  et  cha- 
ractcrera  tetradynamicum  siliquosarum  perspexit"  {Prodromua  Flora 
Novce  HollandiaSy  p.  448.) 

The  oldest  Botanical  Garden  in  England  is  that  at  Hampton  Coort 
foundcfd  by  Queen  Elizabetli,  and  much  enriched  by  Charles  IL  anc 
William  III.     (Sprengel,  Geach.  d.  Bot.  vol.  ii.  p.  96.)] 

In  the  mean  time,  although  there  appeared  no  new  system  whicb 
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eaDmjuided  the  attention  of  the  botanical  world,  the  feeling  of  the  im- 
fortance  of  the  affinitiea  of  plants  became  continually  more  strong  and 
MacL 

Lobel,  who  was  botanist  to  James  the  First,  and  who  published  his 
Stirpium  Advenaria  Nova  in  1571,  brings  together  the  natural  fami- 
iaof  plants  more  distinctly  than  his  predecessors,  and  even  distinguishes 
^Carier  states^")  monocotyledonous  from  dicotyledonous  plants ;  one 
kdie  most  comprehensive  division-lines  of  botany,  of  which  succeeding 
iHiei  discovered  the  value  more  completely.  Fabius  Columna,"  in 
lOld,  gave  figures  of  the  fructification  of  plants  on  copper,  as  Gessner 
bad  before  done  on  wood.  But  the  elder  Bauhin  (John),  notwith- 
itadmg  all  that  Gsesalpinus  had  done,  retrograded,  in  a  work  published 
k  1619,  into  the  less  precise  and  scientific  distinctions  of— -trees  with 
■Hi;  with  berries;  with  acorns ;  with  pods ;  creeping  plants,  gourds, 
ktz  and  no  clear  progress  towards  a  system  was  anywhere  visible 
mng  the  anthors  of  this  period. 

While  this  continued  to  be  the  case,  and  while  the  materials,  thus 
<krtilnte  of  order,  went  on  accumulating,  it  was  inevitable  that  the 
«fils  which  Cssalpinus  had  endeavored  to  remedy,  should  become 
man  and  more  grievous.  "'  The  nomenclature  of  the  subject'*  was  in 
nch  diiorder,  it  was  so  impossible  to  determine  with  certainty  the  plants 
spoken  of  by  preceding  writers,  that  thirty  or  forty  different  botanists 
luMi  given  to  the  same  plant  almost  as  many  different  names.  Bauhin 
called  by  one  appellation,  a  species  which  Lobcl  or  Matheoli  designated 
by  another.  There  was  an  actual  chaos,  a  universal  confusion,  in 
which  it  was  impossible  for  men  to  find  their  way."  We  can  the  bet- 
ter understand  such  a  state  of  tilings,  from  having,  in  our  own  time, 
seen  another  classificatory  science,  Mineralogy,  in  the  very  condition  thus 
described.  For  such  a  state  of  confusion  there  is  no  remedy  but  the 
otabUshment  of  a  true  system  of  classification ;  ■  which  by  its  real 
foondation  renders  a  reason  for  the  place  of  each  species ;  and  which, 
by  the  fixity  of  its  classes,  affords  a  basis  for  a  standard  nomenclature, 
as  finally  took  place  in  Botany.  But  before  such  a  remedy  is  obtained, 
men  naturally  try  to  alleviate  the  evil  by  tabulating  the  synonyms  of 
different  writers,  as  far  as  they  are  able  to  do  so.  Tlie  task  of  con- 
structing such  a  Synonymy  of  botany  at  the  period  of  which  we  speak, 
was  undertaken  by  Gaspard  Bauhin,  tlie  brother  of  John,  but  nineteen 
fears  younger.    This  work,  the  Finax  Theairi  Botanici,  was  printed 
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M  Bmal  in  1«23.  It  was  a  uaefol  midertakmg  at  the  tune;  but  the 
««■«  c^  anj  geiiiiiM  order  in  the  Pmax  TtatXf  rendered  it  impoanUi 
skAi  it  thodki  be  of  great  permanent  utility.  ^  > 

AiliHr  th»  period*  the  progreas  of  ahnoet  all  the  aeienoea  beoMli 
laoij^wii  i>r  a  while ;  and  one  reason  of  this  interruption  waa,  the  mril 
aiii  troobiiM  which  prerailed  over  almost  the  whole  of  Eorope.  Qi 
^ttsftTvelaof  Chjjries  the  First  and  hia  pariiament^  the  eiTil  wars  and  Mid 
uaurpa&kw^  in  Kagkmi ;  in  Firanee,  the  war  of  the  Leagoe,  the  iituii^ 
reign  of  Henrr  the  Fooith,  the  civil  wars  of  the  minority  of  Lomafla 
Thirteenth*  the  war  against  the  Protestants  and  the  war  of  the  Rwll 
in  the  siinoritT  of  Loois  the  Fourteenth ;  the  bloody  and  destradM 
Thirty  Yean*  War  in  Germany ;  the  war  of  Spain  with  the  UBilBl 
Ptonnces  and  with  Poitogal  ;^11  these  dire  agitations  left  men  neiU 
leisure  nor  disposition  to  direct  their  best  thoo^ts  to  the  promotion  s( 
science.  The  baser  spirits  were  bmtalised ;  the  better  were  oocnpisl 
by  high  practical  aims  and  struggles  of  their  moral  nature.  AaU 
such  storms,  the  intellectual  powers  of  man  could  not  work  with  their 
due  calmness,  nor  his  intellectual  objects  shine  with  their  proper  lustrsL- 

At  length  a  period  of  greater  tranquillity  gleamed  forth,  and  Urn 
sciences  soon  expanded  in  the  sunshine.  Botany  was  not  inert  anil 
this  activity,  and  rapidly  advanced  in  a  new  direction,  that  of  jAyM- 
logy ;  but  before  we  speak  of  this  portion  of  our  subject,  we  must  com- 
plete what  we  have  to  say  of  it  as  a  classificatory  science. 

Sect.  4. — Sequel  to  the  Epoch  of  CcBScUpinus.    Further  FonnalMm 
and  Adoption  of  Systematic  Arrangement, 

Soon  aftt^r  tlio  jHTiod  of  which  wo  now  speak,  that  of  the  restoratwa 
of  tho  Stutirta  to  tho  throne  of  England,  systematic  arrangemenli 
of  plaiita  uppearcd  in  great  numbers ;  and  in  a  manner  each  as  to 
show  that  tlio  minds  of  botanists  had  gradually  been  ripening  for  thk 
improvement,  through  the  influence  of  preceding  writers,  and  the  grow- 
ing acquaintance  with  plants.  The  person  whose  name  is  usually 
placed  first  on  this  list,  Robert  Morison,  appears  to  me  to  be  much  Urn 
meritorious  than  many  of  those  who  published  very  shortly  after  him; 
but  I  will  give  him  the  precedence  in  my  narrative.  He  was  a  Scotoh- 
man,  who  was  wounded  fighting  on  the  royalist  side  in  the  civil  wan 
of  England.  On  the  triumph  of  the  republicans,  he  withdrew  to 
France,  when  he  became  director  of  the  garden  of  Gaston,  Duke  of 
Origans  at  Blois ;  and  there  he  came  under  the  notice  of  our  Ghariei 
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im  Second ;  who,  on  his  restoration,  sammoned  Morison  to  England, 
iten  he  became  Superintendent  of  the  Royal  Gardens,  and  also  of 
tke  Botanic  Garden  at  Oxford.  In  1669,  he  published  Bemarks  on  the 
JBifilri  f^  ike  two  BauhinSj  in  which  he  proves  that  many  plants  in 
Ab  Pmax  are  erroneoosly  placed,  and  shows  considerable  talent  for 
ippmiiiliiig  natoral  fiimilies  and  genera.  His  great  systematic  woil 
iHmred  froni  the  Uniyersity  press  at  Oxford  in  1680.  It  contains  a 
lyrtom,  but  a  system,  Cnvier  says,'*  which  approaches  rather  to  a  natn- 
■I  method  than  to  a  rigorous  distribution,  like  that  of  his  predecessor 
0— Ipiimn,  or  that  of  his  successor  Ray.  Thus  the  herbaceous  plants 
«•  dnrided  into  dimberSf  leguminous^  siliquost,  unicapsalar^  bicapmloTy 
r,  quadrieapsular^  quinqueeapsular ;  this  division  being  com- 
.  with  characters  derived  from  the  number  of  petals.  But  along 
vidi  these  numerical  elements,  are  introduced  others  of  a  loose  and  hete- 
ni|^aieon8  kind,  for  instance,  the  classification  of  herbs  as  lactescent  and 
smMenL  It  is  not  unreasonable  to  say,  that  such  a  scheme  shows 
■D  talent  for  constructing  a  complete  system ;  and  that  the  most  dis- 
part of  it,  that  dependent  on  the  fruit,  was  probably  borrowed 
L  Oesalpinus.  That  this  is  so,  we  have,  I  think,  strong  proof;  for 
dioag^  Morison  nowhere,  I  believe,  mentions  Gmsalpinus,  except  in 
aae  place  in  a  loose  enumeration  of  botanical  writers,'*  he  must  have 
made  considerable  use  of  his  work.  For  he  has  introduced  into  his 
own  preface  a  passage  copied  literally"  from  the  dedication  of  Ca^- 
pinns;  which  passage  we  have  already  quoted  (p.  374,)  beginning, 
'^Smce  all  science  consists  in  the  collection  of  similar,  and  the  dis- 
tioction  of  dissimilar  things."  And  that  the  mention  of  the  original 
u  not  omitted  by  accident,  appears  from  this ;  that  Morison  appro- 
priates also  the  conclusion  of  the  passage,  which  has  a  personal  refer- 
ence, "  Conatus  sum  id  proestare  in  universa  plantarum  historia^  ut  si 
fmdpro  ingenii  met  tenuitate  in  hujusmodi  studio  prof ei^erim^  ad  com- 
mmnem  utilitatem  proferremy  That  Morison,  thus,  at  so  long  an  inter- 
nl  after  the  publication  of  the  work  of  Cajsalpinus,  borrowed  from 
him  without  acknowledgement,  and  adopted  his  system  so  as  to  muti- 
late it,  proves  that  he  had  neither  the  temper  nor  the  talent  of  a  disco- 
verer; and  justifies  us  withholding  from  him  the  credit  which  belongs 
to  thoec,  who,  in  his  time,  resumed  the  great  undertaking  of  construct- 
ing a  v^etable  system. 
Among  those  whose  efibrts  in  this  way  had  the  greatest  and  earliest 
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;t*,  WHS  undouLtedly    our    countryman,  Joht)    Ray,  T^ho  v 
of  Trinity  College,  Cambridge,  at  the  same  time  irith  Isq 
J.     But  though  Cuvicr  states"  that  Ray  was  the  model  of  i 
Ltists  during  the  whole  of  the  eighteeDth  centuty,  the  Germi 
,  piirt  ot  his  merit  for  one  of  their  countrymen^  Joacbim  Jul 
eck,  professor  at  Hamburg,"     Concerning  the  principlea  ■ 
taniflt^  little  waa  known  during  Lis  life.     But  a  manuficript  ■ 
k  Willi  communicated"  to  Ray  in  1660,  and  from  thia  time  fc 
says  SpreDCfel,  there  might  be  noticed  in  the  writmgs  of  En 
1,  those  better  and  clearer  views  to  which  Jungs  principJ 
firtli.      Five   years  after  the  death   of  Jnng,  his  Doxo^op 
a  W'lxs,  published,  in  1662 ;  and  in  16'78,  iiia  Imgofjt  PhyioH 
But  iioither  of  these  works  was  ever  much  read;  and  e« 
la,  whom  fow  things  escaped  which  concerned  botany,  hfld^ 
iccu  none  of  Jung's  worka, 

re  pas."^  over  Jung's  improvements  of  botanical  language,  « 
only  of  those  which  lie  is  asserted  to  have  suggested  in  i 
;nient  of  plants.    He  examines,  says  SprengcV  the  value  \ 
^ra  of  ppocies,  which,  he  holds^  must  not  he  taken  from  i 
nor  from  color,  tiiate,  smell,  meditiiual  cffcetii,  time  and  pla 
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or  of  half  florets,  or  of  a  centre  of  complete  florete,  surrounded  by  a 
drcnmference  or  ray  of  demi-florets.  Such  are  the  divisions  of  the 
eofymlnfer€Bj  or  compositas. 

In  the  nmpU  flowers,  the  seeds  are  naked^  or  in  Vk  pericarp.  Those 
widi  naked  seeds  are  arranged  according  to  the  number  of  the  seeds, 
vhidi  may  be  one,  two,  three,  four,  or  more.  K  there  is  only  one,  no 
nd^diTiflion  is  requisite :  if  there  are  two,  Bay  makes  a  subdivision, 
aceoiding  as  the  flower  has  five  petals,  or  a  continuous  corolla.  Here 
we  come  to  several  natural  £unilies.  Thus,  the  flowers  with  two  seeds 
and  fire  petals  are  the  Unibelliferoue  plants ;  the  monopetalous  flow- 
en  with  two  seeds  are  the  StellatoB.  He  founds  the  division  of  four- 
aeeded  flowers  on  the  circumstance  of  the  leaves  being  opposite,  or 
altemate ;  and  thus  again,  we  have  the  natural  ^milies  of  Asperi/olice^ 
as  JBbAttfm,  drc,  which  have  the  leaves  alternate,  and  the  Verticillatce, 
aa  Salvia^  in  which  the  leaves  are  opposite.  When  the  flower  has 
mon  than  four  seeds,  he  makes  no  subdivision. 

So  much  for  simple  flowers  with  naked  seeds.  In  those  where  the 
seeds  mre  surrounded  by  &  pericarp,  or  fruit,  this  fruit  is  large,  soft,  and 
fleshy,  and  the  plants  are  pomiferous ;  or  it  is  small  and  juicy,  and 
the  fruit  is  a  berry,  as  a  Gooseberry. 

If  the  froit  is  not  juicy,  but  dry,  it  is  multiple  or  simple.  If  it  be 
simple^  we  have  the  leguminow  plants.  If  it  be  multiple,  the  form  of 
the  flower  is  to  be  attended  to.  The  flower  may  be  monopetalous,  or 
teirapetalousy  or  pentapetalous,  or  with  still  more  divisions.  The  mo- 
nt^ietalous  may  be  regular  or  irregular  ;  so  may  the  tetrapetalous. 
The  regular  tetrapetalous  flowers  are,  for  example,  the  Cruciferce,  as 
Stock  and  Oauliflower ;  the  irregular,  are  the  papilionaceous  plants, 
Peaii  Beans,  and  Vetches ;  and  thus  we  again  come  to  natural  fami- 
lies The  remaining  plants  arc  divided  in  the  same  way,  into 
those  with  imperfect,  and  those  with  perfect,  flowers.  Those  with 
imperfeet  flowers  are  the  Grasses,  the  Rushes  (Junci),  and  the 
Vike ;  among  those  with  'perfect  flowers,  are  the  Palmacece,  and  the 
LiUaeete* 

We  see  that  the  division  of  plants  is  complete  as  a  system ;  all 
flowers  must  belong  to  one  or  other  of  the  divisions.  Fully  to  ex- 
plain the  characters  and  further  subdivisions  of  these  families,  would 
be  to  write  a  treatise  on  botany;  but  it  is  easily  seen  that  they 
exhaust  the  subject  as  for  as  they  go. 

Thus  Ray  constructed  his  system  partly  on  the  fruit  and  partly  on 
the  flower ;  or  more  properly,  according  to  the  expression  of  Linnaeus, 
You  XL— 26. 
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comparing  his  earlier  with  his  later  system,  he  b^an  by  being  ■ 
frueiicist,  and  ended  by  being  a  corMUt^^ 

As  we  have  said,  a  number  of  systems  of  arrangement  of  plMii 
were  published  about  this  time,  some  founded  on  the  fruit,  some  m 
the  corolla,  some  on  the  calyx,  and  these  employed  in  various  wwfl. 
Rivinus^*  (whose  real  name  was  Bachman,)  classified  by  the  floiiii 
alone ;  instead  of  combining  it  with  the  fruit,  as  Ray  had  done.^*    Hb 
had  the  further  merit  of  being  the  first  who  rejected  the  old  divirill^ 
of  woody  and  herbaceous  plants ;  a  division  which,  though  at  variaa^ 
with  any  system  founded  upon  the  structure  of  the  plant,  was  CM- 
ployed  even  by  Toumefort,  and  only  finally  ^ipelled  by  Linnsras. 

It  would  throw  little  light  upon  the  history  of  botany,  espeda^ 
for  our  purpose,  to  dwell  on  the  peculiarities  of  these  transitory  syt> 
tems.  LinnsQUs,*'  after  his  manner,  has  given  a  classification  of  thcM. 
Rivinus,  as  we  have  just  seen,  was  a  corollistj  according  to  the  regt* 
larity  and  number  of  the  petals ;  Hermann  was  9kfructicUi.  Chrisfah 
pher  Knaut**  adopted  the  system  of  Ray,  but  inverted  the  order  of  ili 
parts ;  Christian  Enaut  did  nearly  the  same  with  regard  to  that  of 
Rivinus,  taking  number  before  regularity  in  the  flower.** 

Of  the  systems  which  prevailed  previous  to  that  of  Linnseus,  ToB^ 
nefort's  was  by  far  the  most  generally  accepted.  Joseph  Pitton  de 
Toumefort  was  of  a  noble  family  in  Provence,  and  was  appointed 
professor  at  the  Jardin  du  Roi  in  1683.  His  well-known  travels  ia 
the  Levant  arc  interesting  on  other  subjects,  as  well  as  botany.  Hk 
Institutio  Ret  fferbarice,  published  in  1700,  contains  his  method, 
which  is  that  of  a  corollist.  He  is  guided  by  the  regularity  or  irr^u- 
larity  of  the  flowers,  by  their  form,  and  by  the  situation  of  the  recep- 
tacle of  the  seeds  below  the  calyx,  or  within  it.  Thus  his  classes  are 
— those  in  which  the  flowers  arc  campaniform^  or  bell-shaped ;  those 
in  which  they  are  in/undibult/orm,  or  funnel-shaped,  as  Tobacco  ;  then 
the  irregular  flowers,  as  the  PersonatcB^  which  resemble  an  ancient 
mask ;  the  LahiatcB,  with  their  two  lips  ;  the  Cruciform  ;  the  BosaeetB^ 
with  flowers  like  a  rose ;  the  UmhelUfercB ;  the  Caryophyllecey  as  the 


**  Ray  was  a  most  indoatrious  herhalizer,  and  I  cannot  understand  on  what 
gronnd  Mirbel  asserts  {PhyHol  Veg.,  torn,  a  p.  631,)  that  he  was  better  ac- 
quainted with  books  than  with  plants. 

*•  Cuv.  Le^^oM,  491. 

**  Historia  OeneralU  ad  rem  Herbariam,  1690. 

*  Fhilo9,  Bot.  p.  21.  «  Enwneratio  Flaniantm,  4a,  1687.        ••  Ltmi. 
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Pink;  the  Liliacea^  with  six  petals,  as  the  Tulip,  Narcissns,  Hja- 
dnth,  Lilj  ;  the  PapilionacetBj  which  are  legnminons  plants,  the 
lover  of  which  resembles  a  bnttcrfly,  as  Peas  and  Beans ;  and  finally, 
Ae  AmomdUnu^  as  Violet,  Nasturtium,  and  others. 

Though  this  system  was  found  to  be  attractive,  as  depending,  in  an 
aiident  way,  on  the  most  conspicuous  part  of  the  plant,  the  flower,  it 
mtuj  to  see  that  it  was  much  less  definite  than  systems  like  that  of 
Bviims,  Hermann,  and  Ray,  which  were  governed  by  number.  But 
Voiniefort  succeeded  in  giving  to  the  characters  of  genera  a  degree 
tfiigor  never  before  attained,  and  abstracted  them  in  a  separate  form. 
W«  hsre  already  seen  that  the  reception  of  botanical  Systems  has 
dipended  much  on  their  arrangement  into  Genera. 

Tbumefort's  success  was  also  much  promoted  by  the  author  insert- 
wg  m  his  work  a  figure  of  a  flower  and  fruit  belonging  to  each  genus ; 
ttd  the  figures,  drawn  by  Aubriet,  were  of  great  merit  The  study 
rf  botany  was  thus  rendered  easy,  for  it  could  be  learned  by  turning 
over  the  leaves  of  a  book.  In  spite  of  various  defects,  these  advantages 
p^t  this  writer  an  ascendancy  which  lasted,  from  1700,  when  his 
book  appeared,  for  more  than  half  a  century.  For  though  Linnseus 
hgan  to  publish  in  1735,  his  method  and  his  nomenclature  were  not 
pnenlly  adopted  till  1760. 


CHAPTER  IV. 
The  Reform  of  LiNNiSUS. 


Sect  1. — Introduction  of  the  Reform, 

ALTHOUGH,  perhaps,  no  man  of  science  ever  exercised  a  greater 
sway  than  Linnseus,  or  had  more  enthusiastic  admirers,  the  most 
intelligent  botanists  always  speak  of  him,  not  as  a  great  discoverer, 
but  as  a  judicious  and  strenuous  Reformer,  Indeed,  in  his  own  lists 
of  botanical  writers,  he  places  himself  among  the  "  Reformatores  f  and 
it  is  apparent  that  this  is  the  nature  of  his  real  claim  to  admiration ; 
for  the  doctrine  of  the  sexes  of  plants,  even  if  he  had  been  the  first  to 
establish  it,  was  a  point  of  botanical  physiology,  a  province  of  the 
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and  Jftcta  Ciiffortiana  added  to  tbis  impression.  The  weight  which 
he  had  thus  acquired,  he  proceeded  to  use  for  the  improyement  of 
botany.  Ilis  jF\mdamenta  Botanica  and  Bibliotheca  Botanica  wppesied 
in  1786 ;  his  Critiea  Botanica  and  Oenera  Plantarum  in  1*737 ;  his 
CUuies  Plantarum  in  1738 ;  his  Species  Plantarum  was  not  published 
till  1753 ;  and  all  these  works  appeared  in  many  snccessive  editions, 
materially  modified. 

This  circnlalaon  of  his  works  showed  that  his  labors  were  producing 
their  eflfect  His  reputation  grew ;  and  he  was  soon  enabled  to  exert 
aperBonal,  as  well  as  a  literary,  influence,  on  students  of  natural  history. 
He  became  Botanist  Royal,  President  of  the  Academy  of  Sciences  at 
Stockholm^  and  Professor  in  the  TTniversity  of  Upsal ;  and  this  office 
he  held  for  thirty-six  years  with  unrivalled  credit ;  exercising,  by  means 
of  his  lectures,  his  constant  publications,  and  his  conversation,  an  extrar 
ordinary  power  over  a  multitude  of  zealous  naturalists,  belonging  to 
every  part  of  the  world. 

In  order  to  understand  more  clearly  the  nature  and  effect  of  the 
reforms  introduced  by  Linnaeus  into  botany,  I  shall  consider  them  under 
the  fcur  following  heads; — Terminology^  Nomenclature^  Artificial 
System,  and  Natural  System, 

Sect,  2. — Linnmin  Reform  of  Botanical  Terminology. 

It  must  be  recollected  that  I  designate  as  Terminology^  the  system  of 
femw  employed  in  the  description  of  objects  of  natural  history ;  while 
by  Nomenclature,  I  mean  the  collection  of  the  nam^s  of  species.  The 
reform  of  the  descriptive  part  of  botany  was  one  of  the  tasks  first 
attempted  by  Linnaeus ;  and  his  terminology  was  the  instrument  by 
whicli  bis  other  improvements  were  effected, 

lliough  most  readers,  probably,  entertain,  at  first,  a  persuasion  that 
a  writer  ought  to  content  himself  with  the  use  of  common  words  in 
their  common  sense,  and  feel  a  repugnance  to  technical  terms  and 
arbitrary  rules  of  phraseology,  as  pedantic  and  troublesome ;  it  is  soon 
ibnnd,  by  the  student  of  any  branch  of  science  that,  without  technical 
terma  and  fixed  rules,  there  can  be  no  certain  or  progressive  knowledge. 
The  loose  and  infantine  grasp  of  common  language  cannot  hold  objects 
steadily  enough  for  scientific  examination,  or  lift  them  from  one  stage 
of  generalization  to  another.  They  must  be  secured  by  the  rigid 
mechanism  of  a  scientific  phraseology.  This  necessity  had  been  felt  in 
all  the  sciences,  from  the  earliest  periods  of  their  progress.    But  the 
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conviction  had  never  been  acted  upon  so  as  to  prodoce  a  distinct  aad 
adequate  descriptive  botanical  language.  Jong,  indeed,"  had  alrea^ 
attempted  to  give  rules  and  precepts  which  should  answer  ibis  purpottf 
but  it  was  not  till  the  Fundamenta  Botaniea  appeared,  that  the  wamm 
could  be  said  to  possess  a  fixed  and  complete  terminology.  ^ 

To  give  an  account  of  such  a  terminology,  k,  in  Act,  to  giro  i 
description  of  a  dictionary  and  grammar,  and  is  therefore  what  canmt 
here  be  done  in  detail.  Linnsus^s  work  contains  about  a  thouHOil 
terms  of  which  the  meaning  and  application  are  distinctly  explainaA| 
and  rules  are  given,  by  which,  in  the  use  of  such  terms,  Uie  botaakl 
may  avoid  all  obscurity,  ambiguity,  unnecessary  prolixity  and  con^ 
plexity,  and  even  inelegance  and  barbarism.  Of  course  the  greata 
part  of  the  words  which  Linnaeus  thus  recognized  had  previoodj 
existed  in  botanical  writers ;  and  many  of  them  had  been  defined  wi& 
technical  precision.  Thus  Jung^  had  already  explained  what  was  a 
composite^  what  a  pinnate  leaf;  what  kind  of  a  bunch  of  flowers  is  a 
spikej  a  panicle,  an  umbel,  a  corymb,  respectively.  Linnnus  extended 
such  distinctions,  retaining  complete  clearness  in  their  sepanUaoB. 
Thus,  with  him,  composite  leaves  are  further  distinguished  as  digHak, 
pinnate,  bipinnate,  pedate,  and  so  on ;  pinnate  leaves  are  abruptly  m», 
or  with  an  odd  one,  or  mth  a  tendril ;  they  are  pinnate  oppotitdyt 
alternately,  interruptedly,  articulately,  decursively.  Again,  the  tii/fo- 
rescence,  as  the  mode  of  assemblage  of  the  flowers  is  called,  may  be  i 
tuft  (fasciculus),  a  head  (capitulnm),  a  cluster  (racemus),  a  htmA 
(thyrsus),  a  panicle,  a  spike,  a  catkin  (amentum),  a  corymb,  an  iimM^ 
a  cyme,  a  whorl  (verticillus).  And  the  rules  which  he  gives,  thou|^ 
often  apparently  arbitrary  and  needless,  are  found,  in  practice,  to  be  of 
great  service  by  their  flxity  and  connexion.  By  the  good  fortune  of 
having  had  a  teacher  with  so  much  delicacy  of  taste  as  Linnaeus,  in  I 
situation  of  so  much  influence,  Botany  possesses  a  descriptive  language 
which  will  long  stand  as  a  model  for  all  other  subjects. 

It  may,  perhaps,  appear  to  some  persons,  that  such  a  terminology  ai 
we  have  here  described  must  be  enormously  cumbrous ;  and  that) 
since  the  terms  arc  arbitrarily  invested  with  their  meaning,  the  invmi- 
tion  of  them  requires  no  knowledge  of  nature.  With  respect  to  tlie 
former  doubt,  we  may  observe,  that  technical  description  is,  in  reality, 
the  only  description  which  is  clearly  intelligible ;  but  that  technical 
language  cannot  be  understood  without  being  learnt  as  any  other  Ian- 


*  l9agog§  Phytoseopiea,  1679.  «  Sprengel,  ii.  2a. 
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gugb  k  learnt ;  tluU  is,  the  reader  moBt  connect  the  terms  immedi- 
itely  with  his  own  sensations  and  notions,  and  not  mediately,  through 
Sfvbal  explanation ;  he  most  not  have  to  guess  their  meaning,  or  to 
inorer  it  by  a  separate  act  of  interpretation  into  more  familiar  lan- 
gMge  as  often  as  Uiej  occur.  The  language  of  botany  must  be  the 
t'a  moat  fiuniliar  tongue.  When  the  student  has  thus  learnt  to 
r  in  botanical  language,  it  is  no  idle  distinction  to  tell  him  that  a 
;  oi  grapes  is  not  a  cluster  ;  that  is,  a  thyrsus  not  a  raceme.  And 
the  temunology  of  botany  is  then  felt  to  be  a  useful  implement,  not  an 
sppcesBTe  burden.  It  is  only  the  schoolboy  that  complains  of  the  irk- 
1  of  his  grammar  and  Tocabulary.  The  accomplished  student 
( them  without  effort  or  inconvenience. 
As  to  the  other  question,  whether  the  construction  of  such  a  botanical 
'  and  vocabulary  implies  an  extensive  and  accurate  acquaint- 
I  with  the  &cts  of  nature,  no  one  can  doubt  who  is  ^miliar  with 
my  descriptive  science.  It  is  true,  that  a  person  might  construct  an 
ariiitnry  scheme  of  distinctions  and  appellations,  with  no  attention  to 
Datmal  objects ;  and  this  is  what  shallow  and  self-confident  persons 
often  set  about  doing,  in  some  branch  of  knowledge  with  which  they 
are  inqwifectly  acquainted.  But  the  slightest  attempt  to  use  such  a 
phiaseology  leads  to  confusion ;  and  any  continued  use  of  it  leads  to 
its  donolition.  Like  a  garment  which  does  not  fit  us,  if  we  attempt 
to  wo^  in  it  wc  tear  it  in  pieces. 

The  formation  of  a  good  descriptive  language  is,  in  fact,  an  induc- 
tive process  of  the  same  kind  as  those  which  wc  have  already  noticed 
in  the  progress  of  natural  history.  It  requires  the  discovery  of  fixed 
duuracterSj  which  discovery  is  to  be  marked  and  fixed,  like  other 
inductive  steps,  by  appropriate  technical  terms.  The  characters  must 
be  80  fiftr  fixed,  that  the  things  wliich  they  connect  must  have  a  more 
permanent  and  real  association  tlian  tlie  things  which  they  leave  un- 
connected. K  one  bunch  of  grapes  were  really  a  racemus,  and  ano- 
ther a  thyrsus,  according  to  the  definition  of  these  terms,  this  part  of 
the  Linnsean  language  would  lose  its  value;  because  it  would  no 
longer  enable  us  to  assert  a  general  proposition  with  respect  to  one 
kind  of  plants. 

Sect.  3. — lAnnoean  Reform  of  Botanical  Nomenclature, 

Iv  the  ancient  writers  each  recognized  kind  of  plants  had  a  distinct 
name.    The  establishment  of  Genera  led  to  the  practice  of  designating 
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■|Mm1w  to  Mcow  ooilTnilcne^  cv  mgttioo.  9bf  iMfeEttoK^'utt 
'  t^Mi  to  b«  ni^iroidB;*  he  iabrtiMi6i  olnQfiik  fer'MlrctlMia^ 
t  ftr  Am  lnonif ;  that  they  are  not  to  depend  upon  the 
tier  g&am^*  as  aermola^  a^rinumoidet ;  that  the]^  aM  ndi* 
i  '^■eaquipedalia  ;**  and,  nja  he,  any  word  n  seaqnipedalian  to  m^ 
haa  mora  tfa«ii  iwelfe  letten^  as  kdiophyllodendron^  for  wlAdi 
ealopAjflfoii.  Hioi^  some  of  these  roles  may  aeem 
fsdntk^  there  la  no  doabt  that»  taken  altogether,  they  tend  ezceed- 
^^f  Bke  the  labors  of  porists  in  other  hngnages,  to  ezdnde  extraya- 
fveei  captiM^  and  baibaiism  in  botanical  speech. 

Tko  ftecepte  whidi  he  gives  for  the  matter  of  the  "descriptiTe 
ikBas/*  OTj  aa  H  18  tamed  in  the  langnage  of  the  Aristotelian  lop- 
rfm^  die  <*  differentia,"  are,  for  the  most  part,  resolts  of  the  general 
wdBf  Hutk  the  most  fixed  chanusters  which  can  be  focrnd  are  to  be 
Vii;-flfii  rule  beii^  interpreted  according  to  all  the  knowledge  of 
I  had  then  been  aoqpired.  Hie  langnUge  of  the  mles  wa^ 
to  he  regulated  by  the  terminology,  of  which  we  h«fe 


i  in  the  OriHea  Bf^ameOy  the  name  of  a  plant  is  considered  as 

p  of  ft  generic  word  and  a  specific  phram;  and  these  are,  he 

mf^i^tkB  ni^t  and  left  hands  of  the  plant    Bnt  he  then  speaks  of 

hand  of  name;  the  trivial  name,  which  is  opposed  to  the 

Soeh  names  were,  he  says,*  those  of  his  predecesson,  and 

'  of  tte  moat  andent  of  them.    Hitherto*  no  roles  had  been 

pven  for  their  ose.    He  manifestly,  at  this  period,  has  small  regard 

'  Yet,"  he  says,  **  trivial  names  may,  perhaps,  be  nsed  on 

nnt^ — ^that  the  difflerentia  often  tarns  oot  too  long  to  be  con- 

I  in  omnmon  nse,  and  may  reqniro  change  as  new  species  are 

However,"  he  continnes,  "in  this  work  we  set  soch 

tide  altogether,  and  attend  only  to  the  differentia  J* 

I  in  the  Speciee  Plantarum,  the  work  which  gave  general  cnr- 

r  to  these  trivial  names,  he  does  not  seem  to  have  yet  dared  to 

I  so  great  a  novelty.    They  only  stand  in  the  margin  of  the 

•  I  have  placed  Ihem  there,"  he  says  in  his  Preface,  *•  that, 

'  eirenmlocntion,  we  may  call  every  herb  by  a  single  name ;  I 

liaie  done  this  without  selection,  which  would  reqnire  more  time. 

And  I  beseech  all  sane  botanists  to  avoid  most  religioosly  ever  pro- 


*  FML  BqL%U.  *  lb.  S28,  229.  *  IK  251 

*  Ih.  Me.  •lb.  261.  "  IK  2S0. 
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trivial  name  without  a  safficicot  Bpecific  dUtiDCtiOD,  leat  0 

lioald  fall  into  its  former  barbarism," 

iK*l  bo  Joubt^  that  the  gcner^  reception  of  these  trivi 

LitiniTu^  as  the  current  language  among  botAnifit^i,  waa  du 

great  degree,  to  the  knowledge,  care,  and  skiH  with  whit 

^cters,  both  of  genera  and  of  specioa,  were  eonstructedp     H 

rules  of  scleetion  and  esprcesion  which  are  proposed  in  tl 

mta  Botanica  and  Critica  BoUxmca^  be  himself  conformed  U 

scrupulosity  was  employed  upon  the  reaulu  of  immcnj 

"In  order  that  1  might  make  myself  acquainted  with  tl 

f  pljiDta,"  he  says,  in  the  preface  to  his  work  upon  them^  " 

lored  the  Alps  of  Lapland^  the  whole  of  Sweden,  a  part  < 

Denmark,  Germany,  Bel^nm^  England,  France :  I  have  e 

he  Botanical  Gardena  of  Paris,  Oxford,  Cheleea,  Uariecam 

Vtreeht,    Amsterdam,   Upsal,  and  othe»:    I  have   turn* 

llerLalE  of  Burser,  Hermann,  Clifford,  BurmanTi,  Oldei 

jnovius,  Koycr,  Bloane,  Sherard,  Bobart,  Miller,  Toumefot 

Ju.s&ioi7,  Surieii,  Beck,  Brown,  (fee.:  my  dear  disciples  hai 

di&tant  bmda,  and  sent  nic    plants   from    thence;    Kerh 

iii,  IIllsi^elquist  to  Egypt,  Asbech  to  China,  Toren  to  Surs 

■ 
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matter  of  his  science,  induced  other  persons  to  defer  to  him  in  what 
ooncemed  its  form ;  especially  when  his  precepts  were,  for  the  most 
part^  reoonmiended  strongly  both  by  convenience  and  elegance.  The 
trivial  names  of  the  Species  Plantarum  were  generally  received ;  and 
though  some  of  the  details  may  have  been  altered,  the  immense  advan- 
tige  of  the  scheme  ensures  its  permanence. 

Sect  4. — LinnoBw^s  Artificial  System. 

Ws  have  ahready  seen,  that>  from  the  time  of  CsBsalpinus,  botanists  had 
been  mdeavoring  to  frame  a  systematic  arrangement  of  plants.  All 
soch  arrangements  were  necessarily  both  artificial  and  natural :  they 
were  artificial^  inasmuch  as  they  depended  upon  assumed  principles, 
the  nmnber,  form,  and  position  of  certain  parts,  by  the  application  of 
which  the  whole  v^etable  kingdom  was  imperatively  subdivided; 
they  were  natural j  inasmuch  as  the  justification  of  this  division  was, 
that  it  brought  together  those  plants  which  were  naturally  related.  No 
system  of  arrangement,  for  instance,  would  have  been  tolerated  which, 
in  a  great  proportion  of  cases,  separated  into  distant  parts  of  the  plan 
the  different  species  of  the  same  genus.  As  far  as  the  main  body  of 
the  genera,  at  least,  all  systems  arc  natural. 

Bat  b^rinning  from  this  line,  we  may  construct  our  systems  with 
two  oi^KKite  purposes,  according  as  we  endeavor  to  carry  our  assumed 
principle  of  division  rigorously  and  consistently  through  the  system,  or 
as  we  wish  to  associate  natural  families  of  a  wider  kind  than  genera. 
The  former  propensity  leads  to  an  artificial,  the  latter  to  a  natural 
method.  Each  is  a  System  of  Plants  ;  but  in  the  first,  the  emphasis 
is  thrown  on  the  former  word  of  the  title,  in  the  other,  on  the  latter. 

Hie  strongest  recommendation  of  an  artificial  system,  (besides  its 
ai^roaching  to  a  natural  method,)  is,  that  it  shall  be  capable  of  easy 
use  ;  for  which  purpose,  the  facts  on  which  it  depends  must  be  appa- 
rent in  their  relations,  and  universal  in  their  occurrence.  The  system 
of  linnsBUs,  founded  upon  the  number,  position,  and  other  circum- 
stances of  the  stamina  and  pistils,  the  reproductive  organs  of  the  plants, 
possessed  this  merit  in  an  eminent  degree,  as  far  as  these  characters  are 
concerned ;  that  is,  as  far  as  the  classes  and  orders.  In  its  further  sub- 
division into  genera,  its  superiority  was  mainly  due  to  the  exact  obser- 
vation and  description,  which  we  have  already  had  to  notice  as  talents 
which  Linnaeus  peculiarly  possessed. 

The  Linn»an  system  of  plants  was  more  definite  than  that  of  Tour 
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nefort,  which  was  goTerned  by  the  corolla ;  for  nmnber  is  more  del* 
nite  than  irregular  form.  It  was  more  readily  employed  than  any  «f 
those  which  depend  on  the  froit,  for  the  flower  is  a  more  obvious  ohjid^ 
and  more  easily  examined.  Still,  it  can  hardly  be  donbted,  that  the  0 
cnmstance  which  gave  the  main  currency  to  the  system  of  LinnanBiM 
its  physiological  signification :  it  was  the  Sexual  System.  Hie  nl# 
tion  of  the  parts  to  which  it  directed  the  attention,  interested  both  As 
philosophical  faculty  and  the  imagination.  And  when,  soon  after  fta 
system  had  become  familiar  in  our  own  country,  the  poet  of  The  Botam 
Garden  peopled  the  bell  of  every  flower  with  •*  Nymphs"  and  **  SwaiMr 
his  imagery  was  felt  to  be  by  no  means  forced  and  &r-fetched. 

The  history  of  the  doctrine  of  the  sexes  of  plants,  as  a  point  ct'^^ 
siology,  does  not  belong  to  this  place ;  and  the  Linnsean  system  <f 
classification  need  not  be  longer  dwelt  upon  for  our  present  pnipoA 
I  will  only  explain  a  little  further  what  has  been  said,  that  it  is,  up  tD 
a  certain  point,  a  natural  system.  Several  of  LinnsBUs's  classes  ara^  il 
a  great  measure,  natural  associations,  kept  together  in  violation  of  Ui 
own  artificial  rules.  Thus  the  class  DiadelphiOy  in  which,  by  the  sys- 
tem, the  filaments  of  the  stamina  should  be  bound  together  in  two 
parcels,  docs,  in  fact,  contain  many  genera  which  are  monadelpkom, 
the  filaments  of  the  stamina  all  cohering  so  as  to  form  one  bondfa 
only;  as  in  Genista^  Spartium,  Anthi/llis,  Lupinus,  dtc.  And  whyk 
this  violation  of  rule  ?  Precisely  because  these  genera  all  belong  to 
the  natural  tribe  of  Papilionaceous  plants,  which  the  author  of  the  syt- 
tem  could  not  prevail  upon  himself  to  tear  asunder.  Yet  in  othn 
cases  Linnaeus  was  true  to  his  system,  to  the  injury  of  natural  alliancei^ 
as  he  was,  for  instance,  in  another  portion  of  this  very  tribe  of  Pafi 
lionacew  ;  for  there  are  plants  which  undoubtedly  belong  to  the  tribe 
but  which  have  ten  separate  stamens ;  and  these  he  placed  in  the 
order  Decandria,  Upon  the  whole,  however,  he  inclines  rather  to 
admit  transgression  of  art  than  of  nature. 

The  reason  of  this  inclination  was,  that  he  rightly  considered  u 
artificial  method  as  instrumental  to  the  investigation  of  a  natural  one; 
and  to  this  part  of  his  views  we  now  proceed. 

Sect.  6. — Linnceus^s  Views  on  a  Natural  MetJiod, 

The  admirers  of  Linnrous,  the  English  especially,  were  for  some  time 
in  the  habit  of  putting  his  Sexual  System  in  opposition  to  the  Natnm 
Method,  which  about  the  same  time  was  attempted  in  France.    And 
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m  they  often  appear  to  have  imagined  that  the  ultimate  object  of 
hotwiratl  methods  was  to  know  the  name  of  plants,  they  naturally 
pnfared  the  Swedish  method,  which  is  excellent  as  a  finder.  No 
poMm,  however,  who  wishes  to  know  botany  as  a  science,  that  is,  as 
ibody  of  general  truths,  can  be  content  with  making  names  his  ulti- 
■rie  object.  Such  a  person  will  be  constantly  and  irresistibly  led  on 
to  attempt  to  catch  sight  of  the  natural  arrangement  of  plants,  even 
fadbre  he  diacoverB,  as  he  will  discover  by  pursuing  such  a  course  of 
gadj,  that  the  knowledge  of  the  natural  arrangement  is  the  know- 
ledge of  the  essential  construction  and  vital  mechanism  of  plants.  He 
viU  oonaider  an  artificial  method  as  a  means  of  arriving  at  a  natural 
■rthod.  Accordingly,  however  much  some  of  his  followers  may  have 
oiaiooked  this,  it  is  what  LinnaDus  himself  always  held  and  taught 
And  though  what  he  executed  with  regard  to  this  object  was  but  lit- 
tle," the  distinct  manner  in  which  he  presented  the  relations  of  an 
artificial  and  natural  method,  may  justly  be  looked  upon  as  one  of  the 
great  improvements  which  he  introduced  into  the  study  of  his  science. 

Thus  in  the  Classes  Plantarum  (1747),  he  speaks  of  the  difficulty 
of  the  task  of  discovering  the  natural  orders,  and  of  the  attempts  made 
by  otheiBb  "  Yet,"  he  adds,  "  I  too  have  labored  at  this,  have  done 
mnething,  have  much  still  to  do,  and  shall  labor  at  the  object  as  long 
IB  I  live."  He  afterwards  proposed  sixty-seven  orders,  as  the  frag- 
ments of  a  natural  metliod,  always  professing  their  imperfection.*' 
And  in  others  of  his  works'^  he  lays  down  some  antitheses  on  the 
sobject  after  his  manner.  "  Tlie  natural  orders  teach  us  the  nature 
of  plants ;  the  artificial  orders  enable  us  to  recognize  plants.  Tlic 
nataral  orders,  without  a  key,  do  not  constitute  a  Method ;  tlic  Me- 
thod ought  to  be  available  without  a  master.'' 

That  extreme  difficulty  must  attend  the  formation  of  a  Natural  Me- 
thod, may  be  seen  from  the  very  indefinite  nature  of  the  Aphorisms 
upon  this  subject  which  Linnaeus  has  delivered,  and  which  the  best 
botanists  of  succeeding  times  have  assented  to.  Such  are  tlicse ; — 
the  Natural  Orders  must  be  formed  by  attention,  not  to  one  or  two, 
but  to  all  the  parts  of  plants; — the  same  organs  are  of  great  im- 
portance in  regulating  the  divisions  of  one  part  of  the  system,  and 


"  Tlie  nataral  orders  which  he  proposed  are  a  bare  enumeration  of  genera, 
ind  have  not  been  generally  followed. 
"  PAi7.  Bot  p.  80. 
*•  Otnera  Plantarum,  1704.    See  Pralect.  in  Ord,  NaU  p.  xlviil 
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of  small  importance  in  another  part ;" — ^tbe  Character  does  not  oai 
stitnte  the  Genus,  bnt  the  Genus  the  Chara6ter ; — ^the  CSiarader  i 
necessary,  not  to  make  the  Genus,  but  to  recognize  it  The  vigHI 
ness  of  these  maxims  is  easily  seen ;  the  rule  of  attending  to  all  ll 
parts,  implies,  that  we  are  to  estimate  their  relative  importance,  eilli 
by  physiological  considerations  (and  these  again  lead  to  arMMIj 
rules,  as,  for  instance,  the  superiority  of  the  function  of  nutsritioa  i 
that  of  reproduction),  or  by  a  sort  of  latent  naturalist  instinct,  wM 
Linnseus  in  some  passages  seems  to  recognize.  *^The  Habit  ^ 
plant,"  he  says,'*  ^  must  be  secretly  consulted.  A  practised  boMtf 
will  distinguish,  at  the  first  glance,  the  plants  of  different  qnartell4l 
the  globe,  and  yet  will  be  at  a  loss  to  tell  by  what  mark  he  dtfM 
them.  There  is,  I  know  not  what  look, — sinister,  dry,  obstliv/l 
African  plants;  superb  and  elevated,  in  the  Asiatic;  smooth' ii 
cheerful,  in  the  American ;  stunted  and  indurated,  in  the  Alpine.**^ 

Again,  the  rule  that  the  same  parts  are  of  very  different  TaMn 
different  Orders,  not  only  leaves  us  in  want  of  rules  or  reasons  wMI 
may  enable  us  to  compare  the  marks  of  different  Orders,  but  deetiM 
the  systematic  completeness  of  the  natural  arrangement  K  some*! 
the  Orders  be  regulated  by  the  flower  and  others  by  the  fruit,  we  iM 
have  plants,  of  which  the  flower  would  place  them  in  one  Order,  ■■ 
the  fruit  in  another.  The  answer  to  this  diflBculty  is  the  mad 
already  stated  ; — ^that  no  Character  makes  the  Order ;  and  that  if 
Character  do  not  enable  us  to  recognize  the  Order,  it  does  not  ansin 
its  purpose,  and  ought  to  be  changed  for  another. 

This  doctrine,  that  the  Character  is  to  be  employed  as  a  senm 
and  not  as  a  master,  was  a  stumbling-block  in  the  way  of  tha 
disciples  who  looked  only  for  dogmatical  and  universal  rules.  Ol 
of  Linnaeus'a  pupils,  Paul  Dietrich  Giseke,  has  given  us  a  very  livd 
account  of  his  own  perplexity  on  having  this  view  propounded  1 
him,  and  of  the  way  in  which  he  straggled  with  it  He  had  con 
plained  of  the  want  of  intelligible  grounds,  in  the  collection  of  nator 
orders  given  by  Linnaeus.  Linncous"  wrote  in  answer,  "  You  ask  n 
for  the  characters  of  the  Natural  Orders :  I  confess  I  cannot  gw 
them."  Such  a  reply  naturally  increased  Giseke's  difficulties.  Bi 
afterwards,  in  17  71,  he  had  the  good  fortune  to  spend  some  tune  i 
TJpsal ;  and  he  narrates  a  conversation  which  he  held  with  the  grei 
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teacher  on  this  Bulject,  and  which  I  think  may  serve  to  show  the 
nature  of  the  diflScolty; — one  by  no  means  easily  removed,  and  by  the 
general  reader,  not  even  readily  comprehended  with  distinctness. 
Oieeke  b^an  by  conceiving  that  an  Order  must  have  that  attribute 
firom  which  its  name  is  derived ; — ^that  the  UmhellatcB  most  have  their 
lower  disposed  in  an  nmbel.  The  "mighty  master"  smiled,"  and 
told  him  not  to  look  at  names,  but  at  nature.  "But"  (said  the  pnpil) 
*  what  IB  the  nse  of  the  name,  if  it  does  not  mean  what  it  professes  to 
nean  f*  "  It  is  of  small  import"  (replied  Linnaeus)  "  what  you  call 
tiM  Order,  if  you  take  a  proper  series  of  plants  and  give  it  some  name, 
wMuli  IB  clearly  understood  to  apply  to  the  plants  which  you  have 
IVeociated.  In  such  cases  as  you  refer  to,  I  followed  the  logical  rule, 
flf  benowing  a  name  a  potiori,  from  the  principal  member.  Can  you" 
(W  added)  "  give  me  the  character  of  any  single  Order  ?"  Giseke, 
'Boiefy,  the  character  of  the  UmhellatcB  is,  that  they  have  an  umbel  f 
Uammntt.  *^  Good ;  but  there  are  plants  which  have  an  umbel,  and 
wm  aioi  of  the  UmhellatceP  G,  ^1  remember.  We  must  therefore 
add,  that  they  have  two  naked  seeds."  L,  "Then,  JSchinophora, 
which  has  only  one  seed,  and  Eryngium^  which  has  not  an  umbel, 
will  not  be  UmbellatcB ;  and  yet  they  are  of  the  Order."  O.  "  I 
would  ]^ace  Eryngium  among  the  Aggregates^  L.  "  No ;  both  are 
beyond  dispute  UmhellaioB.  Eryngium  has  an  involucrum,  five 
itamina,  two  pistils,  <fcc.  Try  again  for  your  Character."  ^.  "I 
would  transfer  sach  plants  to  the  end  of  the  Order,  and  make  them 
fonn  the  transition  to  the  next  Order.  Eryngium  would  connect  the 
UmbeUaUB  with  the  Aggregata^  L.  "Ah!  my  good  friend,  the 
TrantiiUm  from  Order  to  Order  is  one  thing;  the  Character  of  an 
Older  is  another.  The  Transitions  I  could  indicate ;  but  a  Character 
of  a  Natural  Order  is  impossible.  I  will  not  give  my  reasons  for  the 
distribution  of  Natural  Orders  which  I  have  published.  You  or  some 
other  person,  after  twenty  or  after  fifty  years,  will  discover  them,  and 
lee  I  was  in  the  right" 

I  have  given  a  portion  of  this  curious  conversation  in  order  to  show 
tibat  the  attempt  to  establish  Natural  Orders  leads  to  convictions  which 
are  out  of  the  domain  of  the  systematic  grounds  on  which  they  profess 
to  proceed.  I  believe  the  real  state  of  the  case  to  be  that  the  syste- 
matist,  in  such  instances,  is  guided  by  an  unformed  and  undeveloped 
apprehension  of  physiological  functions.    The  ideas  of  the  form,  num- 
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ber,  and  figure  of  parts  are,  in  some  measure,  overshadowed  and : 
seded  by  tlio  rising  perception  of  organic  and  vital  relations ;  ai 
philosopher  who  aims  at  a  Natural  Method,  while  he  is  endeai 
merely  to  explore  the  apartment  in  which  he  had  placed  himaeli 
of  Arrangement,  is  led  beyond  it,  to  a  point  where  another  light  b 
though  dimly,  to  be  seen ;  he  is  brought  within  the  influence  c 
ideas  of  Organization  and  Life. 

The  sciences  which  depend  on  these  ideas  will  be  the  subject  < 
consideration  hereafter.  But  what  has  been  said  may  perhaps  se 
explain  the  acknowledged  and  inevitable  imperfection  of  the  u 
siological  linnoian  attempts  towards  a  natural  method.  *'Art 
Classes  are,"  Linnaeus  says,  ^^  a  substitute  for  Natural,  till  Natoi 
detected."  But  we  have  not  yet  a  Natural  Method.  "  Nor,"  h< 
in  the  conversation  above  cited,  '*  can  we  have  a  Natural  Metho< 
a  Natural  Method  implies  Natural  Classes  and  Orders;  and 
Orders  must  have  Characters."  "And  they,"  he  adds  in  another  p 
"  who,  though  they  cannot  obtain  a  complete  Natural  Method,  ai 
plants  according  to  the  fragments  of  such  a  method,  to  the  reject 
the  Artificial,  seem  to  me  like  persons  who  pull  down  a  codd 
vaulted  room,  and  set  about  building  another,  though  they  canno 
the  vault  which  is  to  cover  it" 

How  far  these  considerations  deterred  other  persons  from  ti 
their  main  attention  to  a  natural  method,  we  shall  shortly  see ;  1 
the  mean  time,  we  must  complete  the  history  of  the  linnasan  Be 

Sect  6. — Reception  and  Diffusion  of  the  Linncean  Reform, 

We  have  already  seen  tliat  Linnajus  received,  from  his  own  co 
honors  and  emoluments  which  mark  his  reputation  as  establiafa 
early  as  1740 ;  and  by  his  publications,  his  lectures,  and  his  pe 
communications,  he  soon  drew  round  him  many  disciples,  whom! 
pressed  strongly  with  his  own  doctrines  and  methods.  It  would 
that  the  ^iences  of  classification  tend,  at  least  in  modem  times 
than  other  sciences,  to  collect  about  the  chair  of  the  teacher  a 
body  of  zealous  and  obedient  pupils ;  Linnaeus  and  Werner  were 
the  most  powerful  heads  of  schools  of  any  men  who  appeared  in  the< 
of  the  last  century.  Perhaps  one  reason  of  this  is,  that  in  these  ad 
consisting  of  such  an  enormous  multitude  of  species,  of  desci 
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ftimlaw»  snd  oi  previous  clasnficationa,  the  learner  is  dependent 
ipm  the  teacher  more  completelj,  and  for  a  longer  time  than  in  other 
■iyseli  of  speculation :  he  cannot  so  soon  or  so  easily  cast  off  the  aid 
■1  influence  of  the  master,  to  puisne  reasonings  and  hypotheses  of  his 
oiiL  Whatever  the  cause  may  be,  the  &ct  is,  that  the  reputation  and 
■Ihority  of  LimuBua^  in  the  latter  part  of  his  life,  were  immense.  He 
■joyed  also  royal  favor,  for  the  King  and  Queen  of  Sweden  were  both 
tad  of  Dataral  history.  In  1753,  Linnseus  received  from  the  hand  of 
)m  aoTereign  the  knighthood  of  the  Polar  Star,  an  honor  which  had 
Mrar  before  been  conferred  for  literary  merit;  and  in  1756,  was 
arind  to  the  rank  of  Swedish  nobility  by  the  title  of  Von  linn^;  and 
!■  dirtindion  was  confirmed  by  the  Diet  in  1 762.  He  lived,  honored 
■Aeomted,  to  the  age  of  seventy-one;  and  in  1778  was  buried  in 
fee  eadiednil  of  TJpeal,  with  many  testimonials  of  public  respect  and 


De  Gandolle'*  assigns,  as  the  causes  of  the  successes  of  the  lannsean 
firtiBHV— tlie  specific  names, — ^the  characteristic  phrase, — ^the  fixation 
of  dcMriptive  language, — ^the  distinction  of  varieties  and  species^ — the 
lyrtwiiiUB  of  the  method  to  all  the  kingdoms  of  nature, — and  the  prac- 
tiee  of  introducing  into  it  the  species  most  recently  discovered.  This 
iHt  eonne  linnsBUs  constantly  pursued;  thus  nuJdng  his  works  the 
BMMt  valuable  for  matter,  as  they  were  the  most  convenient  in  form. 
Ike  general  diffusion  of  his  methods  over  Europe  may  be  dated,  perhaps, 
a  few  years  after  1760,  when  the  tenth  and  the  succeeding  editions  of 
tiie  Sysiema  Natura  were  in  circulation,  professing  to  include  ever}' 
fedes  of  organized  beings.  But  his  pupils  and  correspondents  effected 
■0  leas  than  his  books,  in  giving  currency  to  his  system.  In  Germany,'^ 
it  was  defended  by  Ludwig,  Gesner,  Fabricius.  But  Haller,  whose 
npntation  in  physiology  was  as  great  as  that  of  LinnaDus  in  methodology, 
iqeeted  it  as  too  merely  artificial.  In  France,  it  did  not  make  any 
npid  or  extensive  progress :  the  best  French  botanists  were  at  this 
time  occupied  with  the  solution  of  the  great  problem  of  tlic  construction 
of  a  Natural  Method.  And  though  the  rhetorician  Rousseau  charmed, 
ve  nuy  suppose,  with  the  elegant  precision  of  the  Philosophia  Bota- 
M,  declared  it  to  be  the  most  philosophical  work  he  had  ever  read 
ia  his  life,  Buffon  and  Andanson,  dcscribcrs  and  philosophers  of  a  more 
BnUtious  school,  felt  a  repugnance  to  the  rigorous  rules,  and  limited, 
W  finished,  undertakings  of  the  Swedish  naturalist    To  resist  his 
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and  hia  influence,  they  armed  themselves  with  dislike  * 

ngland  the  Linnaean  ayateiiL  wm  very  favorably  received 
I  the  more  fa\'onibly,  for  being  a  strictly  artificial  systHcm.  1 
jifinile  and  nnfinished  form  which  almost  inevitably  clbga  t 
nelliOfl,  appyare  to  be  peculiarly  distufltefal  to  our  eotmtryai 
ll  sotiu  a-s  if  the  saspense  and  cra^-ing  which  comes  with  ktu 
Infossoiily  incomplete  were  &o  di&agreeable  to  them^  that  tl 
litig  to  avoid  it,  at  any  rate  whatever;  either  by  rejcctiDge 
bgethcr,  or  by  accepting  a  dogmatical  syBtem  witliout  ream 

acr  has  been  their  eoorse  in  recent  times  with  re^rd 
logy ;  the   latter  was  their  proceeding  with  respect   to  i 

Botany.     It  ia  in  this  couiitry  alone,  I  believe,  that  Wi§ 

Linn(zan  Societiea  have  been  instituted*  6uch  appelUitii 
(at  remind  us  of  the  Aristotelian  and  Platonic  ^hools  of  aaci 

In  the  (?amc  spirit  it  was,  that  the  Artificial  System  was 
lio  here  considered^  not  as  subsidiary  and  preparatory  to  ■ 
1  Ordcns  but  aa  opposed  to  tliem.     This  was  much  as  if  i 

I  of  an  army  in  a  review  should  be  considered  as  inconsiat 
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HnUtrumj  which  first  introduced  the  specific  names,  made  me  a  Lin- 
nao  completely."  In  1763,  he  introduced  the  system  in  his  lectures 
t  Gunbridge,  and  these  were  the  first  Linnaoan  lectures  in  England, 
ftjffingfleet  had  already,  in  1757,  and  Lee,  in  1760,  called  the  attention 
tf  finish  readers  to  Linnsras.  Sir  J.  Hill,  (the  king's  gardener  at 
Inr,)  in  his  Flora  Britannica,  published  in  1760,  had  employed  the 
dnes  and  generic  characters,  but  not  the  nomenclature ;  but  the  latter 
m  adopted  by  Hudson,  in  1762,  in  the  Flora  Anglica, 

TVo  yonng  Swedes,  pupils  of  LinnsBus,  Dryander  and  Solandcr,  set- 
lU  in  England,  and  were  in  intimate  intercourse  with  the  most  active 
,  especially  with  Sir  Joseph  Banks,  of  whom  the  former  was 
»  and  the  latter  a  fellow-traveller  in  Cook's  celebrated  voyage. 
\  Edward  Smith  was  also  one  of  the  most  zealous  disciples  of  the 
L  school ;  and,  after  the  death  of  Linnseus,  purchased  his  Her^ 
I  and  Collections.  It  is  related,"  as  a  curious  proof  of  the  high 
in  which  Limueus  was  held,  that  when  the  Swedish  govern- 
heard  of  this  bargain,  they  tried,  though  too  late,  to  prevent 
I  nionmnents  of  their  countryman's  labor  and  glory  being  carried 
I  Ui  native  land,  and  even  went  so  far  as  to  send  a  frigate  in  pur^ 
nt  of  the  ship  which  conveyed  them  to  England.  Smith  had,  how- 
Sfcr,  the  triomph  of  bringing  them  home  in  safety.  On  his  death 
Aej  were  purchased  by  the  Linna^an  Society.  Such  relics  serve,  as 
viU  easily  be  imaged,  not  only  to  warm  the  reverence  of  his  admi- 
rsi^  bat  to  illustrate  his  writings  :  and  since  they  have  been  in  this 
esantiyy  they  have  been  the  object  of  the  pilgrimage  of  many  a  beta- 
ut,  from  every  part  of  Europe. 

I  have  purposely  confined  myself  to  the  history  of  the  Linnajan  sys- 
tem in  the  cases  in  which  it  is  most  easily  applicable,  omitting  all 
comideration  of  more  obscure  and  disputed  kinds  of  vegetables,  as 
fcnSk  mosses,  fiingi,  lichens,  sea- weeds,  and  the  like.    The  nature  and 
progress  of  a  classificatory  science,  which  it  is  our  main  purpose  to 
Wng  into  view,  will  best  be  understood  by  attending,  in  the  first 
pboe,  to  the  cases  in  which  such  a  science  has  been  pursued  with  the 
noit  decided  success ;  and  the  advances  which  have  been  made  in  the 
bowledge  of  the  more  obscure  vegetables,  are,  in  fact,  advances  in 
stifidal  classification,  only  in  as  far  as  they  are  advances  in  natural 
dftKJfication,  and  in  physiology. 
To  these  subjects  we  now  proceed. 


"  Trapp's  TroMl  of  Stawer's  Life  of  Linmtut,  p.  814. 


HIBTORT  or  BOTAJO'- 


i 


CHAPTER  V, 

PtoGBESS  TOWARDS  A  NATimAt  SySTEV  OF  BotJhB¥. 


lave  already  said,  that  the  ibniMtion  of  a  Natural  bysteoM 
ass^ifieation  ruuat  rosolt  horn  a  comparboa  of  <xll  the  ttti( 
aud  dlfTereuccii  of  the  Uiiags  classed ;  but  that,  ui  actuig  if 
udmi  the  natiiraliGt  is  Qeceasarilj  cither  guided  by  an  ofatfl 
Unctivc  feeling,  which  is,  )d  fact,  an  umltvdoped  r«oog&il| 
biological  relations,  or  elso  ackno^rl^d^  pbyj^ioiqgy  IbvJ 
Jiongb  he  is  obliged  U>  oeaame  arbitrary  ntlei  in  oidar  to  tol 
)  indicatiotiB.  Tha&  all  Natural  Clawificatioii  of  organij 
either  begins  or  eoon  end*  in  Physiology ;  and  con  iwtv<ir  ^ 
ar  without  the  aid  of  that  science*  Stilt  the  prognM  of  | 
1  Method   in  botany  went  to  e^uch   a  leagth  beforo  it  ^ 

^A  ^nttuplv  r^n  thp  iLn&tiiT»ir  t\t  r^AvAst.  thjht  it  will  Ka  rm^rwv-  A 
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pennanent  inflaence  on  the  fonnation  of  natural  clasBOB.  Adanson's 
ittempt^  bold  and  ingenioos,  belonged,  both  in  time  and  character,  to 
I  aomewhat  earlier  stage  of  the  subject.*  Enthusiastic  and  laborious 
beyond  belief  but  self-confident,  and  contemptuous  of  the  labors  of 
odiers,  Michael  Adanson  had  collected,  during  five  years  spent  in 
SeMgal,  an  enormous  mass  of  knowledge  and  materials;  and  had 
fanned  plans  for  the  systems  which  he  conceived  himself  thus  em- 
powered to  reach,  &r  beyond  the  strength  and  the  lot  of  man/  In 
Ui  Fittiulies  of  PlantSj  however,  all  agree  that  his  labors  were  of  real 
fdw  to  the  science.  The  method  which  he  followed  is  thus  described 
If  Ui  eloqiient  and  philosophical  eulogist* 
Oomideniig  each  organ  by  itself  he  formed,  by  pursuing  its  various 
ons,  a  system  of  division,  in  which  ho  arranged  all  known 
according  to  that  organ  alone.  Doing  the  same  for  another 
,  and  another,  and  so  for  many,  he  constructed  a  collection  of 
of  arrangement,  each  artificial, — each  founded  upon  one 
i  oigan.  The  species  which  come  together  in  all  these  systems 
MB,  of  all,  naturally  the  nearest  to  each  other ;  those  which  are 
Mpaiatod  in  a  few  of  the  systems,  but  contiguous  in  the  greatest 
amber,  are  naturally  near  to  each  other,  though  less  near  than  the 
farmer;  those  which  are  separated  in  a  greater  number,  are  further 
nmored  from  each  other  in  nature ;  and  they  are  the  more  removed, 
the  fewer  arc  the  systems  in  which  they  are  associated. 

Thus,  by  this  method,  we  obtain  the  means  of  estimating  precisely 
the  degree  of  natural  affinity  of  all  the  species  which  our  systems 
bdiide,  independent  of  a  physiological  knowledge  of  the  influence  of 
the  organs.  But  the  method  has,  Cuvier  adds,  the  inconvenience  of 
fRBopposing  another  kind  of  knowledge,  which,  though  it  belongs 
«ly  to  descriptive  natural  history,  is  no  less  difficult  to  obtain ; — ^the 
faxmledge,  namely,  of  all  species,  and  of  all  the  organs  of  each.  A 
angle  one  neglected,  may  lead  to  relations  the  most  &lse ;  and  Adan- 
Mm  himself  in  spite  of  the  immense  number  of  his  observations, 
oemplifies  this  in  some  instances. 

We  may  add,  that  in  the  division  of  the  structure  into  organs,  and 
in  the  estimation  of  the  gradations  of  these  in  each  artificial  system, 
4ere  is  still  room  for  arbitrary  assumption. 

hi  the  mean  time,  the  two  Jussicus  had  presented  to  the  world  a 
**  Natural  Method,"  which  produced  a  stronger  impression  than  the 


*  FomiUeM  de$  PlanteM,  17C8.    *  Cuvier*8  Eloge.    *  Gav.  Bioffe$,  torn,  i  p.  28S. 
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■sal  Mctliod  "  of  Adansoii.     The  Brat  author  of  tlie  syst« 
Dard  de  Juasieu,  who  applied  it  in  the  arrangement  of  the  ga 
ie  Trianon,  in  175 1>,  though  he  never  published  upon  it,    h 
Antoine  Laurent  de  Jofisiea,  in  Ills   Treatise  of  ths  Arran^ 
the  Trianon*  gave  an  account  of  the  priucipleB  and  order*  t 
2,  ivhich  he  adopted  when  he  succeeded  him ;  and,  at  a  lat 
)ub]j&bcd  his  Genera  Planiarum  secundum  Ordim^  /Natural 
I ;  a  work,  &aye  Cuvicr,  which  perhaps  forms  aa  important  \ 
I  tbo  sciencea  of  observation,  as  the  Chiviie  of  Lavoiaier  do 
sciences  of  experiment     Tho  object  of  the  Juasieus  was  ' 
system  which  should  be  governed  by  the  natural  affinities  i 
ta,  while,  at  the  same  time,  the  characteiB  by  which  the  ord« 
tensibly  determined,  should  he  as  clear,  simple,  and  precise,  i 
'  tbo  best  artificial  system.     The  main  points  in  these  chata 
>  tbo  immbcr  of  the  cotyledons,  and  the  structure  of  the  sect 
ordinate  to  this,  the  insertion  of  the  stamina,  which  they  di 
t?d  as  epig^jmus^  jxriffynous^   and   hypo^yn^ms^  according  \ 
^rr   inserted  over,  about,  or  under,  tho  germen*     And  ti 
vliicb  were  fonncd  by  the  Jussieus,  though  tbt^y  have  aim 
ulitkk]  by  su^'rcedinLT  wriUr^  bgve  been  so  far  rL^t^iiued  b^  tl 
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this  employment  which  first  opened  his  eyes  and  rendered  him  a 
In  the  memoir  which  he  wrote,  he  explained  folly  the  rela- 
tive importance  of  the  characters  of  plants,  and  the  subordination  of 
■ne  to  others; — an  essential  consideration,  which  Adanson's  scheme 
had  £uled  to  take  account  of.  The  uncle  died  in  1777;  and  his 
WKjfkew^  in  speaking  of  him,  compares  his  arrangement  to  the  Ordinei 
SaimrQlet  of  linnsens :  ^  Both  these  anthers,"  he  says,  *'  have  satisfied 
Aomelves  with  giving  a  catalogue  of  genera  which  approach  each 
other  in  different  points,  without  explaining  the  motives  which  induced 
than  to  place  one  order  before  another,  or  to  arrange  a  genus  under 
a  ostein  order.  These  two  arrangements  may  be  conceived  as  pro- 
\  which  their  authors  have  left  for  botanists  to  solve.  linnsras 
.  his ;  that  of  M.  de  Jussieu  is  only  known  by  the  manuscript 
estakgnes  of  the  garden  of  the  Trianon." 

It  WIS  not  till  the  younger  Jussieu  had  employed  himself  for  nine- 
tBsn  yean  upon  botany,  that  he  published,  in  1789,  his  Genera  Flan- 
terwn;  and  by  this  time  he  had  so  entirely  formed  his  scheme  in  his 
hflid,  that  he  began  the  impression  without  having  written  the  book, 
'sod  Ae  manuscript  was  never  more  than  two  pages  in  advance  of  the 
printei'stype. 

When  this  work  i^peared,  it  was  not  received  with  any  enthusiasm ; 
indeed^  at  that  time,  the  revolution  of  states  absorbed  the  thoughts  of 
all  Europe,  and  left  men  little  leisure  to  attend  to  the  revolutions  of 
flcieoce.  The  author  himself  was  drawn  into  the  vortex  of  public 
affiuiB,  and  for  some  years  forgot  Lis  book.  The  method  made  its 
viy  slowly  and  with  difficulty :  it  was  a  long  time  before  it  was  com- 
prehended and  adopted  in  France,  although  the  botanists  of  that 
oountiy  had,  a  little  while  before,  been  so  eager  in  pursuit  of  a  natural 
^item.  In  England  and  Germany,  which  had  readily  received  the 
liinngan  method,  its  progress  was  still  more  tardy. 

There  is  only  one  point,  on  which  it  appears  necessary  further  to 
dwell  A  main  and  fundamental  distinction  in  all  natural  systems,  is 
tbal  of  the  Monocotyledonous  and  Dicotyledonous  plants;  that  is, 
pbuitB  which  unfold  themselves  from  an  embryo  with  two  little  leaves, 
or  with  one  leaf  only.  This  distinction  produces  its  effects  in  the 
systems  which  are  regulated  by  numbers ;  for  the  flowers  and  fruit  of 
the  monocotyledons  are  generally  referrible  to  some  law  in  which  the 
namber  three  prevails;  a  type  which  rarely  occurs  in  dicotyledons, 
these  affecting  most  commonly  an  arrangement  founded  on  tlie  num- 
ber/ve.     But  it  appears,  when  we  attempt  to  rise  towards  a  natural 
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method,  that  this  division  according  to  the  cotyledons  is  of  a  hif^ 
Older  than  the  other  diyiaions  according  to  nnmber;  and  comqpoali 
to  a  distinction  in  the  general  stroctore  and  organization  of  the  jdMt 
The  apprehension  of  the  dne  rank  oi  this  distinction  has  gradnl^ 
grown  clearer.  Cavier*  conceives  that  he  finds  snch  a  division  defli^ 
marked  in  Lobel,  in  1581,  and  employed  by  Bay  as  the  basis  of  Ml 
classification  a  centary  later.  This  difference  has  had  its  dne  plan 
assigned  it  in  more  recent  systems  of  arrangement ;  but  it  is  o«^ 
later  still  that  its  fall  import  has  been  distinctiy  bronght  into  nm 
Desfontaines  discovered**  that  the  ligneous  fibre  is  developed  in  m 
opposite  manner  in  vegetables  with  one  and  with  two  cot7ledoiii;-r 
towards  the  inside  in  the  former  case,  and  towards  the  outside  intti 
latter ;  and  hence  these  two  great  classes  have  been  since  termed  mA 
genous  and  exogenous. 

Thus  this  division,  according  to  the  cotyledons,  appears  to  have  thi 
stamp  of  reality  put  upon  it,  by  acquiring  a  physiological  tno^wi 
Yet  we  are  not  allowed  to  forget,  even  at  this  elevated  point  of  geM 
ralization,  that  no  one  character  can  be  imperative  in  a  natural  method 
Lamarck,  who  employed  his  great  talents  on  botany,  before  he  devotei 
himself  exclusively  to  other  branches  of  natural  history,  published  hi 
views  concerning  methods,  systems,"  and  characters.  EOtt  man 
principle  is,  that  no  single  part  of  a  plant,  however  essential,  can  baai 
absolute  rule  for  classification ;  and  hence  he  blames  the  Jussifltuil 
method,  as  giving  this  inadmissible  authority  to  the  cotyledcM 
Roscoe"  further  urges  that  some  plants,  as  Orchis  tnorio^  and  Idmaio 
rum  verecundum^  have  no  visible  cotyledons.  Yet  De  Candolle,  wk 
labored  along  with  Lamarck,  in  the  new  edition  of  the  J^hre  Frmb 
foUe^  has,  as  we  have  already  intimated,  been  led,  by  the  most  careM 
application  of  the  wisest  principles,  to  a  system  of  Natural  Orden^  of 
which  Jussicu's  may  be  looked  upon  as  the  basis ;  and  we  shall  fifld 
the  greatest  botanists,  up  to  the  most  recent  period,  recognizing^  and 
employing  themselves  in  improving,  Jussieu's  Natural  Families;  io 
that  in  the  progress  of  this  part  of  our  knowledge,  vague  and  per 
plexing  as  it  is,  we  have  no  exception  to  our  general  aphoriam,  that  no 
real  acquisition  in  science  is  ever  discarded. 

•  But.  Be.  NaL  il  197.  »•  HisL  Se.  Nat,  I  pp.  196,  290. 

"  Sprengd,  il  296 ;  and,  there  quoted,  I7are  F^an^aiie,  t  L  8, 1*778.  Mbn. 
Ac  P.  1786.  /(mm.  Hitt.  Nat  t  i.  For  Lamarck's  MHhode  Analytique,  IM 
Dmneril,  Se.  Not  I  Art  89a 

^  Rosooe,  Linn.  Tr.  vol  zL    Cfuseuta  aUo  has  no  cotyledona 
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Ihe  T6oeption  of  the  STstem  of  Jussiea  in  this  conntry  -was  not  bo 
iwdf  and  cordial  as  that  of  Linnsna.  As  wc  have  already  noticed, 
Aa  two  ByBtems  were  looked  upon  as  rirals.  Thus  Roscoe,  in  1810/' 
atefored  to  show  that  Jussien's  system  was  not  more  natnral  than 
Iha  TiniMftan,  and  was  inferior  as  an  artificial  system :  bnt  he  argnes 
Ui  poinftB  as  if  Jnssien's  characters  were  the  gronnds  of  his  distribn- 
tioB ;  which,  as  we  have  said,  is  to  mistake  the  constmction  of  a  natn- 
al  qratem.  In  1803,  Salisbmy'^  had  already  assailed  the  machiner}* 
«f  the  syBtem,  maintaining  that  there  are  no  cases  of  perigynons  sta- 
■WW,  as  Jnssiea  assumes ;  but  this  he  urges  with  great  expressions  of 
lopect  lor  the  author  of  the  method.  And  the  more  profound  bota- 
Hti  of  England  soon  showed  that  they  could  appreciate  and  extend 
Iha  natoral  method.  Robert  Brown,  who  had  accompanied  Captain 
RinderB  to  New  Holland  in  1801,  and  who,  after  examining  that 
y,  brought  home,  in  1805,  nearly  four  thousand  species  of 
was  the  most  distinguished  example  of  this.  In  his  prefistce  to 
Ao  Prodfwnus  Flora  Novm  JBollandice,  he  says,  that  he  found  him- 
kV  mider  the  necessity  of  employing  the  natural  method,  as  the  only 
way  of  avoiding  serious  error,  when  be  had  to  deal  with  so  many  new 
genera  as  occur  in  New  Holland ;  and  that  he  has,  therefore,  followed 
the  metihod  of  Jussien ;  the  greater  part  of  whose  orders  are  truly 
Mtaral,  *^  although  their  arrangement  in  classes,  as  is,"  ho  says,  ^  con- 
ceded by  their  author,  no  less  candid  than  learned,  is  often  artificial, 
nd,  as  appears  to  me,  rests  on  doubtful  grounds.'' 

From  what  has  already  been  said,  tlie  reader  will,  I  trust,  see  what 
ta  extensive  and  exact  knowledge  of  the  vegetable  world,  and  what 
comprehensive  views  of  affinity,  must  be  requisite  in  a  person  who  has 
to  modify  the  natural  system  so  as  to  make  it  suited  to  receive  and 
tmnge  a  great  number  of  new  plants,  extremely  different  from  the 
genera  on  which  the  arrangement  was  first  formed,  as  the  New  Hol- 
kiid  genera  for  the  most  part  were.  He  will  also  see  how  impossible 
it  must  be  to  convey  by  extract  or  description  any  notion  of  the  na- 
ture of  these  modifications :  it  is  enough  to  say,  that  they  have  excited 
the  applause  of  botanists  wherever  the  science  is  studied,  and  that 
they  have  induced  M.  de  Hiunboldt  and  his  fellow-laborers,  themselves 
botanists  of  the  first  rank,  to  dedicate  one  of  their  works  to  him  in 
tenos  of  the  strongest  admiration."    Mr.  Brown  has  also  published 


"  Linn.  Tr.  voL  xi.  p.  60.  "  Ibid.  voL  viii 

*  Rob«rto  Brown,  Britanniamm  gloria  atque  omamento,  totam  Botanioea 
•eicntiam  ingenio  mirifico  complectenti.  &^ 


410  HZErroBT  OF  BOIAHT. 

special  disquisitionB  on  parts  of  the  Natural  System ;  as  on  Justien^s 
ProteaeecB ;"  on  the  AsclepiadecB^  a  natural  fiunily  of  planta  whidi 
most  be  separated  from  Jnssiea's  Apoeynem :"  and  other  similar  labors 

We  have,  I  think,  been  led,  by  onr  survey  of  the  history  of  Botany, 
to  this  point ;— that  a  Natural  Method  directs  us  to  the  study  of  Flij- 
siology,  as  the  only  means  by  which  we  can  reach  the  object  Hub 
conviction,  which  in  botany  comes  at  the  end  of  a  long  series  of  at- 
tempts at  classification,  offers  itself  at  once  in  the  natural  history  <if 
animals,  where  the  physiological  signification  of  the  resemblanoes  aad 
differences  is  so  much  more  obvious.  I  shall  not,  therefore,  con 
any  of  these  branches  of  natural  history  in  detail  as  examples  of  i 
classification.  They  will  come  before  us,  if  at  all,  more  properly  wlun 
we  consider  the  classifications  which  depend  on  the  functions  of  ofr 
gans,  and  on  the  corresponding  modifications  which  they  necessarily 
undergo ;  that  is,  when  we  trace  the  results  of  Physiology.  But  be- 
fore we  proceed  to  sketch  the  history  of  that  part  of  our  knowledge^ 
there  are  a  few  points  in  the  progress  of  Zoology,  undentood  as  a 
mere  classificatory  science,  which  appear  to  me  sufficiently  instructive 
to  make  it  worth  our  while  to  dwell  upon  them. 

[2nd  Ed.]  [Mr.  Lindley's  recent  work.  The  Vegetable  Kvikgim 
(1846),  may  be  looked  upon  as  containing  the  best  view  of  the  reeent 
history  of  Systematic  Botany.  In  the  Introduction  to  this  work,  Mr. 
Lindley  has  given  an  account  of  various  recent  works  on  the  subject; 
as  Aijardh's  Classes  Plantarum  (1826) ;  VerX^h^s  Lehrhwh  der  Natwr- 
gesckichte  der  Pflanzenreich  (1826);  Dumortier's  Florula  Belgka 
(1827)  ;  Bartling's  Ordines  NaturaUs  Plantarum  (1830)  ;  Bess's 
Ueherskht  der  Phanerogenischen  JVdturlicken  PJlamenfamilien  (1882); 
Schulz's  Naturliches  System  des  PflamenreicKs  (1832) ;  Horaninow's 
Primas  LineoB  Systematis  Natures  (1834);  Fries^s  Corpus  Floranm 
provincialium  Suedes  (1835)  ;  Martins's  Conspectus  Begni  Vegetabilis 
eecundum  Charaeteres  Marphologicos  {IBS5);  Sir  Edward  F.  Brom- 
head's  System,  as  published  in  the  Edinburgh  Journal  and  otha 
Journals  (1836-1840);  Endlicher's  Genera  Plantarum  secundum  Or- 
dines Naturales  disposita  (1836-1840);  PerleVs  Clavis  Classieum 
Ordinum  et  Familiarum  (1838) ;  Adolphe  Brongniart's  JSnumSration 
des  Oenires  de  Plantes  (1843) ;  Meisner^s  Plantarum  vascularium  Ge- 
nera secundum  Ordines  Naturales  digesta  (1843)  ;  Horaninow's 
Tetractys  Naturce^  seu  Systema  quinquemembre  omnium  Naturalium 


^  Xfim.  TV.  vol  X  1809.      >*  Mem,  of  Wemwitm,  If,  K  See.  ycLI  1809. 
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(1843) ;  Adrien  de  Jtusieu's  Cfmhrs  Elmtntaire  d^HisUnre  NaturelU: 

Boiatdqve  (1844). 

Mr.  Lindley,  in  this  as  in  all  his  works,  nrges  strongly  the  superior 

Tiloe  of  natural  as  compared  with  artificial  systems ;  his  principles 

Wii|^  I  thinlc,  nearly  such  as  I  have  attempted  to  establii^  in  the 

PMUmpky  of  the  SdeneeSj  Book  viii^  Chapter  ii.    He  states  that  the 

leading  idea  which  has  been  kept  in  view  in  the  compilation  of  his 

«o&  IB  this  maxim  of  Fries:  ^  Singola  sphsera  (sectio)  u^m  ^tian^idm 

aponh^  indeqne  ejns  character  notione  simplici  optime  exprimitor;'' 

nd  he  is  hence  led  to  think  that  the  trae  characters  of  all  natoral 

—mhlsgrs  are  extremely  simple. 

One  of  the  leading  features  in  Mr.  Lindley's  system  is  that  he  has 

lloown  the  Natoral  Orders  into  groups  subordinate  to  the  higher  divi- 

mm  of  Classes  and  Sub-classes.    He  had  already  attempted  this,  in 

■utition  of  Agardh  and  Bartling,  in  his  I^ixus  Plantarum  (1833). 

The  groaps  of  Natural  Orders  were  there  called  NixuB  (tendencies) ; 

and  they  were  denoted  by  names  ending  in  aUs  ;  but  these  groups 

were  tother  subordinated  to  Cohorts,    Thus  the  first  member  of  the 

armgement  was  Class  1.    ExooENiC.    Sub-class  1.     PoLTPSTALii. 

Ooiioft  1.     ALBUMiNOSiB.    Nixus  1.    RandUs.    Natural  Orders  in- 

dnfed  in  this  NixvLS^  RanunculacesB,  Saracenicese,  Papaveracese,  &c 

h  the  Vegetable  Kingdom^  the  groups  of  Natural  Orders  are  termed 

Allianeee,     In  this  work,  the  Sub-classes  of  the  Exooens  are  four :  i. 

DiCLiBrous ;  n.  Hitpogynous  ;  in.  Perioynoub  ;  iv.  EpiorNons ;  and 

the  Alliances  are  subordinated  to  these  without  the  intervention  of 

CokorU, 

Mr.  lindloy  has  also,  in  this  as  in  other  works,  given  English  names 

for  the  Natural  Orders.    Thus  for  Nymphacece^  Banunculaceoe,  Tama- 

ncaeeesj   Zygophyllaeea^  Eleatrinacea^    he  substitutes   Water-Lilies, 

Crowfoots,  Tamarisks,  Bean-Capers,  and  Water-Peppers ;  for  Malva- 

flW,  AurantiacetBy  Gentianacea,  Primulacea,  Urtiacea,  Fuphorbiaceay 

he  employs  Mallow-worts,  Citron-worts,  Gentian-worts,  Prim-worts, 

Nettle-worts,  Spui^-worts ;  and  the  terms  Orchids,  Hippurids,  Amaryl- 

Kdi,  Irids,  Typhads,  Arads,  Cucurbits,  are  taken  as  English  equivalents 

for  Orchida4:e€B,  ITaloragaceas,  Amaryllidacece,  Iridacea,   Typhacece^ 

Anuea,  Cucurbitacecg.    All  persons  who  wish  success  to  the  study  of 

botany  in  England  must  rejoice  to  see  it  tend  to  assume  this  idiomatic 
•k 1 
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ktory  of  Sy^matic  Botaaj,  as  w«  have  prc«est«d  it^ 
jDfiidered  as  a  aaffiflunt  type  of  ihe  gmm^  oed«r  of 
in  the  H<?ieiiocfl  of  danifiofttioD.    It  hu  a|ifnued»  in  tb» 
h  wo  have  Lad  to  giTO^  that  thia  acieuc^  do 
3  Er&t  coDsideredt  has  been  formed  by  a  acriea  of 
y  and  has,  in  lU  hiKtoiy^  Epochs  at  which,  by  roch 
idvancts  wcro  made.    The  important  step  in  such 
ig  upon  soma  aiti^cial  mark  which  conforms  to  natural 
— aome  basis  of  arrangemt^nt  aad  nomenclature  by 
le  propositions  of  oonsiderablo  generality  can  bo 
ince  of  other  daesifl(!atory  Kienccs^  an  yrtW  a 
f  BQch  stepa;  and  their  coane,  like  that  of  botany^ 
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parte  of  oar  histoij,  that  not  only  labor  bat  time,  not  only  one  man 
of  genius  but  aerera!,  and  those  Bucceeding  each  other,  are  requisite 
to  the  formation  of  any  considerable  science. 

But,  in  reality,  the  statements  to  which  we  refer,  respecting  the 

•ekntific  character  of  Aristotle's  Zoological  system,  are  altogether 

wifchoiit  foundation ;  and  this  science  confirms  the  lessons  taught  us  by 

ill  the  othen.    The  misstatemente  respecting  Aristotle's  doctrines  are 

on  this  account  so  important^  and  are  so  curious  in  themselves,  that  I 

■mi  dwell  upon  them  a  little. 

ArirtoUe'a  nine  Books  On  AnimaU  are  a  work  enumerating  the 

of  animals  in  almost  all  conceivable  respects; — in  the 

of  tense,  of  motion,  of  nutrition,  the  interior  anatomy,  the 

covering,  the  manner  of  life,  growth,  generation,  and  many 

'  circumstances.    These  differences  are  very  philosophically  esti- 

'^Tlie  corresponding  parts  of  animals,''  he  says,'  "  besides  the 

\  of  quality  and  circumstance,  differ  in  being  more  or  fewer, 

or  smaller,  and,  speaking  generally,  in  excess  and  defect. 

i  animals  have  crustaceous  coverings,  others  hard  shells ;  some 

hsie long  beaks,  some  short;  some  have  many  wings,  some  have  few; 

SooM  again  have  parte  which  others  want,  as  creste  and  spurs."    He 

tkn  makes  the  following  important  remark:  ^Some  animals  have 

pnto  which  correspond  to  those  of  others,  not  as  being  the  same  in 

ipedes,  nor  by  excess  and  defect,  but  by  analogy  ;  thus  a  claw  is  ana- 

k^gous  to  a  thorn,  and  a  nail  to  a  hoof^  and  a  hand  to  the  nipper  of  a 

UiBter,  and  a  feather  to  a  scale ;  for  what  a  feather  is  in  a  bird,  that 

ii  a  scale  in  a  fish." 

It  will  not,  however,  be  necessary,  in  order  to  understand  Aristotle 
fx  our  present  purpose,  that  we  should  discuss  his  notion  of  Analogy. 
He  proceeds  to  state  his  object,'  which  is,  as  we  have  said,  to  describe 
the  differences  of  animals  in  their  structure  and  habits.  He  then 
observes,  that  for  structure,  we  may  take  Man  for  our  type,'  as  being 
bert  known  to  us ;  and  the  remainder  of  the  first  Book  is  occupied 
with  a  description  of  man's  body,  beginning  from  the  head,  and  pro- 
ceeding to  the  extremities. 

hi  the  next  Book,  (from  which  are  taken  the  principal  passages  in 
which  his  modem  commentators  detect  his  system,)  he  proceeds  to 
compare  the  differences  of  parts  in  different  animals,  according  to  the 
wder  which  he  had  observed  in  man.     In  the  first  chapter  he  speaks 

*  Uh,  i  0.  i  '  Lib.  L  o.  ii  '  c  ill.        / 


place  of  each  species  in  oar  anangement  It  ia  deari  the 
BQch  an  enumeration  of  differences  as  we  have  described,  ai 
complete,  contains  the  materials  of  all  possible  daanAcation 
can  with  no  more  propriety  say  that  the  aathor  of  aneh  ai 
tion  of  differences  is  the  author  of  any  classification  whi 
made  by  means  of  them,  than  we  can  say  that  a  man  who  j 
the  whole  alphabet  writes  down  the  solution  of  a  giren  ri< 
answer  to  a  particular  question. 

Yet  it  is  on  no  other  ground  than  this  enumeration,  so  i 
discover,  that  Aristotle's  ^  System'^  has  been  so  decidedly 
and  exhibited  in  the  most  formal  tabular  shape.  The  auth 
Systema  ArUtoUlieum^  have  selected,  I  presume,  the  folli 
sages  from  the  work  On  AnimaU^  as  they  might  have  w 
other ;  and  by  arran^ng  them  according  to  a  subordinatioi 
to  Aristotle  himself  have  made  for  liim  a  scheme  which  ni 
bears  a  great  resemblance  to  the  most  complete  systems 
times. 

Book  I.,  chap.  v. — "  Some  animals  are  viviparous,  some 
some  vermiparous.  The  viviparous  are  such  as  mau,  aud 
and  all  those  animals  which  have  hair ;  and  of  aquatic  a 
whale  kind,  as  the  dolphin  and  cartilaginous  fishes." 

Book  II.,  chap.  vii. — "  Of  quadrupeds  which  have  bloc 
viviparous,  some  arc  (as  to  their  extremities,)  many-cloven,  a 
aud  feet  of  man.  For  some  are  many-toed,  as  the  lion,  tl 
panther ;  some  are  bifid,  and  have  hoofs  instead  of  nails,  as 
the  goat,  the  elephant,  the  hippopotamus ;  and  some  have 


FBOGBIBS  OF  SYSTEKATIO  ZOOLOGY.  415 

I  not  flo,  wantiiig  the  front  teeth  in  the  upper  jaw.  Some  have 
front  teeth  nor  horns,  as  the  camel ;  some  have  tusks,'  as  the 
boar,  some  have  not  Some  have  serrated^  teeth,  as  the  lion,  the  pan- 
sier, the  dog;  some  have  the  teeth  unvaried,'  as  the  horse  and  the 
fls;  for  the  animals  which  vary  their  cutting-teeth  have  all  serrated 
tBdih.  No  animal  has  both  tusks  and  horns ;  nor  has  any  animal  with 
ivnted  teeth  either  of  those  weapons.  The  greater  part  have  the 
feonfc  teeth  cutting,  and  those  within  broad." 

nieae  passages  undoubtedly  contain  most  of  the  differences  on  which 
Ikt  MMrted  Aristotelian  classification  rests ;  but  the  classification  is 
temed  by  using  the  characters  drawn  from  the  teeth,  in  order  to  sub- 
dnide  those  taken  from  the  feet ;  whereas  in  Aristotle  these  two  sets 
of  characters  stand  side  by  side,  along  with  dozens  of  others ;  any 
lelection  of  which,  employed  according  to  any  arbitrary  method  of 
nbordination,  might  with  equal  justice  be  called  Aristotle's  system. 

Why,  for  instance,  in  order  to  form  subdivisions  of  animals,  should 
ve  not  go  on  with  Aristotle's  continuation  of  the  second  of  the  above 
qioted  paaaages,  instead  of  capriciously  leaping  to  the  third  ?  *'0f 
these  tome  have  homa,  some  have  none  .  .  .  Some  have  a  fetlock- 
jda^*  some  have  none  ...  Of  those  which  have  horns,  some  have 
them  solid  throughout,  as  the  stag ;  others,  for  the  most  part,  hollow 
. . .  Some  cast  their  horns,  some  do  not."  If  it  be  replied,  that  we 
coold  not,  by  means  of  such  characters,  form  a  tenable  zoological  sys- 
tem ;  we  again  ask  by  what  right  we  assume  Aristotle  to  have  made 
or  attempted  a  systematic  arrangement,  when  what  he  has  written, 
tiken  in  its  natural  order,  does  not  admit  of  being  construed  into  a 
^Btem. 

Again,  what  is  the  object  of  any  classification  ?  This,  at  least,  among 
others.  To  enable  the  person  who  uses  it  to  study  and  describe  more 
ecmveniently  the  objects  thus  classified.  If,  therefore,  Aristotle  had 
fonned  or  adopted  any  system  of  arrangement,  we  should  see  it  in  the 
Older  of  the  subjects  in  his  work  Accordingly,  so  far  as  ho  has  a 
lysiem,  he  professes  to  make  this  use  of  it.  At  the  beginning  of  the 
fifih  Book,  where  he  is  proceeding  to  treat  of  the  different  modes  of 
generation  of  animals,  he  says,  "As  we  formerly  made  a  Division  of 
uimals  according  to  their  kinds,  we  must  now,  in  the  same  manner, 
gife  a  general  survey  of  their  History  (fisupiav).  Except,  indeed, 
that  in  the  former  case  we  made  our  commencement  by  a  description 


•  XavXtSiovra.  '  Kaf»xofxi<Jo»ra.  * ' AptniXXagra,  *  'Aar^yaAar. 
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of  maDf  bat  in  the  present  instance  we  mnst  i^>eak  of  him  lasti  b< 
he  requires  most  stady.  We  must  b^n  then  with  those  ai 
which  have  shells ;  we  must  go  on  to  those  which  have  softer  < 
ings,  as  cmstacea,  soft  animals,  and  insects;  after  these,  fisheii 
viviparous  and  onparous;  then  birds;  then  land  animals,  boU 
parous  and  oviparous." 

It  is  clear  from  this  passage  that  Aristotle  had  certain  wid 
indefinite  views  of  classification,  which  thon^  not  veiy  exact,  ai 
highly  creditable  to  him ;  but  it  is  equally  clear  that  he  was 
unconscious  of  the  classification  that  has  been  ascribed  to  him* 
had  adopted  that  or  any  other  system,  this  was  precisely  the  pi 
which  he  must  have  referred  to  and  employed  it 

The  honor  due  to  the  stupendous  accumulation  of  zoological '. 
ledge  which  Aristotle's  works  contain,  cannot  be  tarnished  1 
denjring  him  the  credit  of  a  system  which  he  never  dreamt  c 
which,  from  the  nature  of  the  progress  of  science,  could  not  pc 
be  constructed  at  .that  period.  But,  in  reality,  we  may  exchaof 
mistaken  claims  which  we  have  been  contesting  for  a  better,  beo 
truer  praise.  Aristotle  does  show,  as  far  as  could  be  done  at  hii 
a  perception  of  the  need  of  groups,  and  of  names  of  groaps^ 
study  of  the  animal  kingdom ;  and  thus  may  justly  be  held  up 
great  figure  in  the  Prelude  to  the  Formation  of  Systems  whiol 
place  in  more  advanced  scientific  times. 

This  appears,  in  some  measure,  from  the  passage  last  quoted, 
not  only  is  there,  in  that,  a  clear  recognition  of  the  value  and 
of  a  method  in  natural  history ;  but  the  general  arrangement  i 
animal  kingdom  there  proposed  has  considerable  scientific  meri 
is,  for  the  time,  very  philosophical.  But  there  are  passages  in  hii 
in  which  he  shows  a  wish  to  carry  the  principle  of  arrangement 
into  detail.  Thus,  in  the  first  Book,  before  proceeding  to  hia  a 
of  the  differences  of  animals,***  after  speaking  of  such  classes  ai 
drupeds.  Birds,  Fishes,  Cetaceous,  Testaceous,  Crustaceoua  An 
Mollusks,  Insects,  he  says,  (chap,  vii.) 

«^  Animals  cannot  be  divided  into  large  genera,  in  which  one 
includes  many  kinds.  For  some  kinds  are  unique,  and  have  no  i 
ence  of  species,  as  man.  Some  have  such  kinds,  but  have  no  i 
for  them.  Thus  all  quadrupeds  which  have  not  wings,  have  I 
Bat  of  these,  some  are  viviparous,  some  oviparous.    Those  whioi 
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I  hxfe  not  all  hair ;  those  which  are  oviparous  have  scales.** 
We  have  here  a  manifestly  intentional  subordination  of  characters : 
nd  a  kind  of  regret  that  we  have  not  names  for  the  classes  here  indi- 
•  Mted ;  aach,  for  instance,  as  viviparous  quadnipeds  having  hair.  But 
he  follows  the  subject  into  further  detail.  "  Of  the  class  of  viviparous 
qoadrapeds,"  he  continues,  "there  are  many  genera,"  but  these  again 
oe  without  names,  except  specific  names,  such  as  many  lioHj  stag,  hone, 
ioff^  and  the  like.  Tet  there  is  a  genus  of  animals  that  have  names,  as 
file  hone,  the  ass,  the  areusj  the  ginnus,  the  tnfit«,  and  the  animal 
which  in  Syria  is  called  hnninus  (mule) ;  for  these  are  called  muUs^  from 
tteir  reeemblance  only ;  not  being  mules,  for  they  breed  of  their  own 
kind*  Wherefore,''  he  adds,  that  is,  because  we  do  not  possess  recog- 
nked  genera  and  generic  names  of  this  kind,  **  we  must  take  the  species 
•eparately,  and  study  the  nature  of  each." 

These  passages  afford  us  sufficient  ground  for  placing  Aristotle  at 
the  head  of  those  naturalists  to  whom  the  first  views  of  the  necessity 
of  a  io<dogical  system  are  due.  It  was,  however,  very  long  before  any 
wovthy  successor  appeared,  for  no  additional  step  was  made  till  modem 
times.  When  Natural  History  again  came  to  be  studied  in  Nature, 
the  bnsmesB  of  Classification,  as  we  have  seen,  forced  itself  upon  men's 
attentiOD,  and  was  pursued  with  interest  in  animals,  as  in  plants.  The 
■lepa  of  its  advance  were  similar  in  the  two  cases ; — by  successive 
naturalists,  various  systems  of  artificial  marks  were  selected  with  a  view 
to  precision  and  convenience; — and  these  artificial  systems  assumed 
the  existence  of  certain  natural  groups,  and  of  a  natural  system  to 
which  they  gradually  tended.  But  there  was  this  difference  between 
botany  and  zoology : — ^the  reference  to  physiological  principles,  which, 
as  we  have  remarked,  influenced  the  natural  systems  of  vegetables  in  a 
latent  and  obscure  manner,  botanists  being  guided  by  its  light,  but 
haidly  aware  that  they  were  so,  affected  the  study  of  systematic  zoology 
moie  directly  and  evidently.  For  men  can  neither  overlook  the  gene- 
tal  physiological  features  of  animals,  nor  avoid  being  swayed  by  them 
in  their  judgments  of  the  affinities  of  different  species.  Thus  the 
flewifirafiniiH  of  zoology  tended  more  and  more  to  a  union  with  com- 
parative anatomy,  as  the  science  was  more  and  more  improved.'*  But 
oomparative  anatomy  belongs  to  the  subject  of  the  next  Book ;  and 
aaytiiing  it  may  be  proper  to  say  respecting  its  influence  upon  zoolo- 
gieal  arrangements,  wiU  properly  find  a  place  there. 


"  EOv.  ^  Cuvier,  Le^.  d^Anat.  Camp,  voL  L  p.  17. 
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It  will  appear,  and  indeed  it  hardly  reqnirea  to  be  prored,  that  thon 
steps  in  systematic  zoology  which  are  due  to  the  light  thrown  upon 
the  subject  by  physiology,  are  the  resolt  of  a  long  series  of  labon  hf 
various  naturalists,  and  have  been,  like  other  advances  in  science^  M 
to  and  produced  by  the  general  progress  of  such  knowledge.  We  en 
hardly  expect  that  the  classificatory  sciences  can  nndergo  any  i 
improvement  which  is  not  of  this  kind.  Very  recently,  howerer,  i 
authors  have  attempted  to  introduce  into  these  sciences  certain  priaoi- 
ples  which  do  not,  at  first  sight,  appear  as  a  continuation  andezteoMi 
of  the  previous  researches  of  comparative  anatomists.  I  speak,  in  p■^ 
ticular,  of  the  doctrines  of  a  Circular  Propressian  in  the  series  of 
afibiity ;  of  a  Quinary  Bivisum  of  such  circular  groups ;  and  of  arelstioB 
of  Analogy  between  the  members  of  such  groups,  entirely  distinct  fnm 
the  relation  of  Affinity. 

The  doctrine  of  Circular  Progression  has  been  propounded  prind- 
pally  by  Mr.  Macleay ;  although,  as  he  has  shown,'*  there  are  snggsi* 
tions  of  the  same  kind  to  be  found  in  other  writers.  So  &r  as  this 
view  negatives  the  doctrine  of  a  mere  linear  progression  in  nature^ 
which  would  place  each  genus  in  contact  only  with  the  preceding  and 
succeeding  ones,  and  so  far  as  it  requires  us  to  attend  to  more  vaziad 
and  ramified  resemblances,  there  can  be  no  doubt  that  it  is  snppoiCad 
by  the  result  of  all  the  attempts  to  form  natural  systems.  But  whether 
that  assemblage  of  circles  of  arrangement  which  is  now  offered  to 
naturalists,  be  the  true  and  only  way  of  exhibiting  the  natural  relatkm 
of  organized  bodies,  is  a  much  more  difficult  question,  and  one  whidi 
J  shall  not  here  attempt  to  examine ;  although  it  iivill  be  found,  I  thinks 
that  those  analogies  of  science  which  we  have  had  to  study,  wonld  not 
fail  to  throw  some  light  upon  such  an  inquiry.  The  prevalence  of  an 
invariable  numerical  law  in  the  divisions  of  natural  groups,  (as  the 
number  five  is  asserted  to  prevail  by  Mr.  Macleay,  the  number  to  bjf 
Fries,  and  other  numbers  by  other  writers),  would  be  a  curious  bxX,  if 
established ;  but  it  is  easy  to  see  that  nothing  short  of  the  most  ecuh 
summate  knowledge  of  natural  history,  joined  with  extreme  cleamcoi 
of  view  and  calmness  of  judgment,  could  enable  any  one  to  pronoonee 
on  the  attempts  which  have  been  made  to  establish  such  a  principle. 
But  the  doctrine  of  a  relation  of  Analogy  distinct  from  Affinity,  in  the 
manner  which  has  recently  been  taught,  seems  to  be  obviously  at  vari- 
ance with  that  gradual  approximation  of  the  classificatory  to  the  phy- 


"  Xiiiii.  Trafu,  vol  zvl  p  9. 
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■oksgical  acienoesy  which  has  appeared  to  ns  to  be  the  general  tendency 
<if  leal  knowledge.  It  seems  difficult  to  understand  how  a  reference  to 
neh  relations  as  those  which  are  offered  as  examples  of  analogy^^  can 
ke  otherwise  than  a  retrograde  step  in  science. 

Withouti  howerer,  now  dwelling  upon  these  points,  I  will  treat  a 
SttkniMe  in  detail  of  one  of  the  branches  of  Zoology. 

[Sod  Ed.]  [For  the  more  recent  progress  of  Systematic  Zoology,  see 
m  the  MeporU  of  the  British  Association,  in  1834,  Mr.  L.  Jen3rns's 
M^^  on  the  Becent  Progress  and  Present  State  of  Zoology^  and  in 
1844^  Mr.  Strickland's  Beport  en  the  JRecent  Progress  and  Present 
Sltk  of  Omithologg*  In  these  Reports,  the  questions  of  the  Circular 
Anangement^  Uie  Quinary  System,  and  the  relation  of  Analogy  and 
Aflni^aro  discussed.] 


CHAPTER  Vn. 
The  Pbooress  of  Ichthtologt. 

Fit  had  been  already  observed  and  admitted  that  sciences  of  the 
jame  kind  follow,  and  must  follow,  thd  same  course  in  the  order  of 
(heir  development,  it  would  be  unnecessary  to  give  a  history  of  any 
special  branch  of  Systematic  Zoology;  since  botany  has  already 
afforded  us  a  sufficient  example  of  the  progress  of  the  classificatoiy 
sciences.  But  we  may  be  excused  for  introducing  a  sketch  of  the 
advance  of  one  department  of  zoology,  since  we  are  led  to  the  attempt 
by  the  peculiar  advantage  wc  possess  in  having  a  complete  history  of 
tibe  subject  written  with  great  care,  and  brought  up  to  the  present 
time,  by  a  naturalist  of  unequalled  talents  and  knowledge.  I  speak  of 
Cnrier's  Historical  View  of  Ichthyology ^  which  forms  tiie  first  chapter 
of  his  great  work  on  that  part  of  natural  history.  The  place  and 
office  in  the  progress  of  this  science,  which  is  assigned  to  each  person 
hf  Cuvier,  will  probably  not  be  lightly  contested.  It  will,  therefore, 
be  no  small  confirmation  of  the  justice  of  the  views  on  which  the 


^  For  example,  the  goatsucker  has  an  affinity  with  the  swallow ;  bat  it  has 
tt  analogy  with  the  bat,  because  both  fly  at  the  same  hour  of  the  day,  and  feed 
in  the  same  manner. — Swainson,  Geography  and  Clamjication  of  AnimaU, 
M29. 
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Ion  of  the  events  in  the  history  of  botany  was  founded,  i 

cprcaentation  of  ihe  history  of  ichthyology  offers  to  ua  obt 
listribnlioQ  almost  identicial* 
IlaII  ii!iJ  thiit  this  is  so; — that  we  have,  in  zoology  aa  i 

.  period  of  unsystematic  knowledge;  a  period  of  misapplie 
an  epoch  of  the  discovery  of  fixed  characteis;  a  period  i 

auy  systems  were  put  forward ;  a  straggle  of  an  artifidal  an 

ni(ithod ;  and  a  gradual  tendency  of  the  natural  method  to 
Jy  physiological  character  A  few  references  to  Cuvicr's  hii 
I  enable  ua  to  illustrate  these  and  other  analogies, 

'  of  U-iiiysUmatic  Knotoltdge. — It  would  be  easy  U  collect 
bf  the  fahulouB  atones  of  early  times,  which  formed  &  portic 
huKjiimry  knowledge  of  men  concerning  animals  a^  well  ( 

3ut  passing  over  theae,  we  come  to  a  long  period  and  a  grea 
of  writcra,  who,  in  various  waysj  and  with  varioua  degr©( 

contributed  to  augment  the  knowledge  which  existed  coi 
n&Iij  while  as  yet  there  was  hardly  ever  any  attempt  at  a  cla 

of  that  province  of  the  animal  kingdom.  Among  thei 
IVristotlc  is  by  far  the  most  important.     Indeed  he  earned  c 

ncal  reaearches  under  advantagea  which  rarely  fall  to  the  h 
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we  now  confine  onnelvea,)  in  a  scientific  point  of  yiew,  and  in  a  way 
which  aliowB  genios. 

We  may  pass  over,  therefore,  the  other  ancient  aathorB  from  whoee 
wriftii^  Cavier,  with  great  learning  and  sagacity,  has  levied  contri- 
liitionB  to  the  history  of  ichthyology ;  as  Theophrastos,  Ovid,  Pliny, 
OpfuaOy  AthensBiis,  JElian,  Ansonios,  Galen.  We  may,  too,  leave 
■MiotiCifri  the  compilers  of  the  middle  ages,  who  did  little  hnt  abstract 
ad  did%nre  the  portions  of  natural  history  which  they  found  in  the 
ttcientfc  Ichthyological,  like  other  knowledge,  was  scarcely  sought 
eieept  in  books,  and  on  that  very  account  was  not  understood  when  it 
WMibiiiid. 

Period  {^Erudition. — ^Better  times  at  length  came,  and  men  began 
Id  dbierve  nature  for  themselves.  The  three  great  authors  who  are 
Ud  to  be  the  founders  of  modem  ichthyology,  appeared  in  the  mid- 
dle of  the  sixteenth  century ;  these  were  B61on,  Bondelet,  and  Salvi- 
asi,  who  all  published  about  1555.  All  the  three,  very  different  from 
the  compilers  who  filled  the  interval  from  Aristotle  to  them,  themselves 
nv  and  examined  the  fishes  which  they  describe,  and  have  given  faith- 
ibl  representations  of  them.  But,  resembling  in  that  respect  the 
faondevB  of  modem  botany,  Brassavola,  Ruellius,  Tragus,  and  others, 
ibey  resembled  them  in  this  also,  that  they  attempted  to  make  their 
own  observations  a  commentary  upon  the  ancient  writers.  .  Faithful 
to  the  spirit  of  their  time,  they  are  far  more  careful  to  make  out  the 
names  which  each  fish  bore  in  the  ancient  world,  and  to  bring  together 
icn^  of  their  history  from  the  authors  in  whom  these  names  occur, 
than  to  describe  them  in  a  lucid  manner ;  so  that  without  their  figures, 
says  Cnvicr,  it  would  be  almost  as  difficult  to  discover  their  species  as 
those  of  the  ancients. 

The  difilculty  of  describing  and  naming  species  so  that  they  can  be 
recognized,  is  little  appreciated  at  first,  although  it  is  in  reality  the 
iDain-q>ring  of  the  progress  of  the  sciences  of  classification.  AristoUe 
never  dreamt  that  the  nomenclature  which  was  in  use  in  his  time 
eoold  ever  become  obscure ; '  hence  he  has  taken  no  precaution  to 
aiable  his  readers  to  recognize  the  species  of  which  he  speaks ;  and 
in  him  and  in  other  ancient  authors,  it  requires  much  labor  and  great 
felicity  of  divination  to  determine  what  the  names  mean.  The  per- 
ception of  this  difficulty  among  modem  naturalists  led  to  systems,  and 
to  nomenclature  founded  upon  system ;  but  these  did  not  come  into 

■  Cuvier,  p.  17. 
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being  immediately  at  tlie  time  of  which  we  speak;  nor  till  the  eril 
had  grown  to  a  more  inconvenient  magnitade. 

Period  of  Accumulation  of  MaUrials.  Exotic  ColUctumM. — ^Hm 
fishes  of  Europe  were  for  some  time  the  principal  objects  of  ato^i 
but  those  of  distant  r^ons  soon  came  into  notice.*  In  the  aeifw^ 
teenth  centory  the  Datch  conquered  Brazil,  and  Geoige  Maigmi| 
employed  by  them,  described  the  natural  productions  of  the  comitq^ 
and  especially  the  fishes.  Bontius,  in  like  manner,  described  mb»«I 
those  of  Batavia.  Thus  these  writers  correspond  to  Bumphioa  cad 
Rheede  in  the  history  of  botany.  Many  others  might  be  mttitioMd ; 
but  we  must  hasten  to  the  formation  of  systems,  which  ia  our  mrii 
object  of  attention. 

Epoch  of  the  Fixation  of  Characters,  Bay  and  Willoughbyj-^^ 
botany,  as  we  have  seen,  though  Ray  was  one  of  the  first  who  inveBlsi 
a  connected  system,  he  was  preceded  at  a  considerable  interval  \/j 
CsDsalpinus,  who  had  given  a  genuine  solution  of  the  same  proUea. 
It  is  not  difficult  to  assign  reasons  why  a  sound  classification  shonld  bt 
discovered  for  plants  at  an  earlier  period  than  for  fishes.  The  vartly 
greater  number  of  the  known  species,  and  the  facilities  which  belong 
to  the  study  of  vegetables,  give  the  botanist  a  great  advantage ;  and 
there  are  numerical  relations  of  a  most  definite  kind  (for  instance,  the 
number  of  parts  of  the  seed-vessel  employed  by  Ossalpinua  as  one  of 
the  bases  of  his  system),  which  are  tolerably  obvious  in  plants,  bat 
which  are  not  easily  discovered  in  animals.  And  thus  we  find  that  in 
ichthyology,  Ray,  witli  his  pupil  and  friend  Willoughby,  appears  ai 
the  first  founder  of  a  tenable  system.* 

The  first  great  division  in  this  system  is  into  cartilaginous  and  homf 
fishes ;  a  primary  division,  which  had  been  recognized  by  Aiistotk^ 
and  is  retained  by  Ouvier  in  his  latest  labors.  The  subdivisiona  are 
determined  by  the  general  form  of  the  fish  (as  long  or  flat),  by  the 
teeth,  the  presence  or  absence  of  ventral  fins,  the  number  of  doraal 
fins,  and  the  nature  of  the  spines  of  the  fins,  as  soil  or  prickly.  Most 
of  these  characters  have  preserved  their  importance  in  later  systems; 
especially  the  last,  which,  under  the  terms  malacopt&rygian  and 
tkoptcrgpian,  holds  a  place  in  the  best  recent  arrangements. 


*  Cuv.  p.  48. 

*  Francifloi  Willoughbcii,  Armigeri,  de  Sistoria  Piseiunif  libri  iv.  juwu  et 
sumptibuB  SocietatiB  Regi®  Londinensis  editi,  t&c  Totum  opuB  recognovit, 
eoaptavit,  Bupplevit,  librum  etiam  primnm  et  Becundum  adjecit  Job.  Rains. 
Oxford,  1668. 
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Thst  this  BjBtem  was  a  txue  first  approximation  to  a  solution  of  the 
pnUem,  appears  to  be  allowed  by  naturalists.  Although,  says  Gu?ier/ 
then  are  in  it  no  genera  well  defined  and  well  limited,  still  in  many 
|||0B6  the  species  are  brought  together  very  naturally,  and  in  such 
frvagr  that  a  few  words  of  ezpknation  would  suffice  to  form,  from  the 
k  thus  presented  to  us,  several  of  the  genera  which  have  since 
leceired.  £ven  in  botany,  as  we  have  seen,  genera  were  hardly 
.  with  any  degree  of  precision,  till  the  binary  nomenclature 
tCIoiiiaeiu  made  this  division  a  matter  of  such  immense  convenience. 

Ihe  amount  of  this  convenience,  the  value  of  a  br.ef  and  sure 
MBendatnre,  had  not  yet  been  duly  estimated.  The  work  of  Wil- 
loo^iby  forms  an  epoch,*  and  a  happy  epoch,  in  the  history  of  ichthy- 
4fgj ;  for  the  science,  once  systematized,  could  distinguish  the  new 
tmi  the  old,  arrange  methodically,  describe  clearly.  Yet,  because 
ffiDoiighby  had  no  nomenclature  of  his  own,  and  no  fixed  names  for 
lii  genera,  his  immediate  influence  was  not  great  I  will  not  attempt 
titnce  this  influence  in  succeeding  authors,  but  proceed  to  the  next 
■ifoitant  step  in  the  progress  of  system. 

Improvement  of  the  System.  Artedi, — ^Peter  Artedi  was  a  country- 
Ban  and  intimate  friend  of  Linnsdus ;  and  rendered  to  ichthyology 
aanly  the  same  services  which  LimuBUs  rendered  to  botany.  In  his 
PhSoeophia  IchthyologicOj  he  analysed*  all  the  interior  and  exterior 
parts  of  animals ;  he  created  a  precise  terminology  for  the  different 
iRma  of  which  these  parts  are  susceptible ;  he  laid  down  rules  for 
Ihe  nomenclature  of  genera  and  species ;  besides  his  improvements  of 
the  subdivisions  of  the  class.  It  is  impossible  not  to  be  struck  witli 
tiie  close  resemblance  between  these  steps,  and  those  which  are  due  t(> 
iht  Fundamenta  Botanica,  The  latter  work  appeared  in  l7dG,  the 
fanner  was  published  by  Linnsous,  after  the  death  of  tlio  author,  in 
17S8 ;  but  Linnffius  had  already,  as  early  as  1^735,  made  use  of  Arte- 
dTs  manuscripts  in  the  ichthyological  part  of  his  Sy sterna  Natura. 
We  cannot  doubt  that  the  two  young  naturalists  (they  were  nearly  of 
the  same  age),  must  have  had  a  great  influence  upon  each  other^s  views 
and  bibors ;  and  it  would  be  difficult  now  to  ascertain  what  portion  of 
die  peculiar  merits  of  the  Linna^an  reform  was  derived  from  Artedi. 
But  we  may  remark  that^  in  ichtliyology  at  least,  Artedi  appears  t<> 
have  been  a  naturalist  of  more  original  views  and  profounder  philosophy 
than  his  friend  and  editor,  who  afterwards  himself  took  up  the  subject 

•  Cuvier,p.  57.  "^  p.  C8.  "  p.  20. 
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Hie  reforms  of  Linnsstus  in  all  parts  of  natural  hiatoryy  i^pear  m  if 
they  were  mainly  dictated  by  a  love  of  elegance^  aymmetiyy  deameo^ 
and  definiteneas;  but  the  improvement  of  the  ichthyological  syBteai 
by  Artedi  seems  to  have  been  a  step  in  the  progresa  to  s  natnrri 
arrangement  His  genera,*  which  are  forty-five  in  nmnber,  are  so  wdl 
constituted,  that  they  have  almost  all  been  preeerved ;  and  the  mih 
divisions  which  the  constantly-increasing  number  of  species  has  ooni* 
pelled  his  successors  to  introduce,  have  very  rarely  been  soch  that 
they  have  led  to  the  transposition  of  his  genera. 

In  its  bases,  however,  Artedi's  was  an  artificial  system.  His  chane- 
ters  were  positive  and  decisive,  founded  in  general  upon  the  numbff 
of  rays  of  the  membrane  of  the  gills,  of  which  he  was  the  fint  to 
mark  the  importance ; — upon  the  relative  position  of  the  fins,  npoa 
their  number,  upon  the  part  of  the  mouth  where  the  teeth  are  found, 
upon  the  conformation  of  the  scales.  Yet,  in  some  cases,  he  has 
recourse  to  the  interior  anatomy. 

Linnffius  himself  at  first  did  not  venture  to  deviate  from  the  footsteps 
of  ft  friend,  who,  in  this  science,  had  been  his  master.  But  in  1758,  in 
the  tenth  edition  of  the  Systema  XaturcBy  he  chose  to  depend  upoa 
himself  and  devised  a  new  ichthyological  method.  He  divided  some 
genera,  united  others,  gave  to  the  species  trivial  names  and  characte^ 
istic  phrases,  and  added  many  species  to  those  of  Artedi.  Tet  his 
innovations  arc  for  the  most  part  disapproved  of  by  Cuvier ;  as  hit 
transferring  the  chondropterygian  fishes  of  Artedi  to  the  class  of  rep- 
tiles, under  the  title  of  Amphybia  nantes ;  and  his  rejecting  the 
distinction  of  acanthopterygian  and  malacopterygian,  which,  as  we 
have  seen,  had  prevailed  from  the  time  of  Willoughby,  and  introducing 
in  its  stead  a  distribution  founded  on  the  presence  or  absence  of  the 
ventral  fins,  and  on  their  situation  with  regard  to  the  pectoral  fina 
^  Nothing,*'  says  Cuvier,  "  more  breaks  the  true  connexions  of  gcnoa 
tiian  these  orders  of  apodes,  jugulares,  thoracicij  and  abdaminalea,^ 

Thus  Linuseus,  though  acknowledging  the  value  and  importance  of 
natural  orders,  was  not  happy  in  his  attempts  to  construct  a  system 
which  shpuld  lead  to  them.  In  his  detection  of  good  characters  for  an 
artificial  system  he  was  more  fortunate.  He  was  always  attentive  to 
number,  as  a  character ;  and  he  had  the  very  great  merit'*  of  introdo- 
cing  into  the  classification  the  number  of  rays  of  the  fins  of  each  species. 
This  mark  is  one  of  grcAt  importance  and  use.    And  this,  as  well  as 

•  Cuvier,  p  11.  »  p.  1^ 
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adicr  bnmches  of  natural  history,  derived  incalcolable  advantages  from 
the  more  general  merits  of  the  illustrious  Swede ;" — ^the  precision  of 
the  diaiacterBi  the  convenience  of  a  well-settled  terminology,  the  fiusility 
Aided  by  the  binary  nomendatore.  These  recommendations  gave  him 
t  pro  eminence  which  was  acknowledged  by  almost  all  the  naturalists 
«f  his  time,  and  dii^layed  by  the  almost  imiversal  adoption  of  his 
MBienclatare,  in  xoolc^,  as  well  as  in  botany ;  and  by  the  almost 
cniiisive  employment  of  his  distributions  of  classes,  however  imperfect 
and  artificial  they  might  be. 

And  even  ^*  if  Linmeus  had  had  no  other  merit  than  the  impulse  he 
pm  to  the  pursuit  of  natural  science,  this  alone  would  suffice  to 
imortalixe  his  name.  In  rendering  natural  history  easy,  or  at  least 
ii  making  it  appear  so,  he  dilShsed  a  general  taste  for  it  The  great 
took  it  op  with  interest ;  the  young,  full  of  ardor,  rushed  forwards  in 
aD  directiona,  with  the  sole  intention  of  completing  his  system.  The 
civiliied  worid  was  eager  to  build  the  edifice  which  Linnseus  had  plan- 
ned. 

This  qpirit,  among  other  results,  produced  voyages  of  natural  hiatGri- 
cil  leiearch,  sent  forth  by  nations  and  sovereigns.  George  the  Third 
of  Ekigknd  had  the  honor  of  setting  the  example  in  this  noble  career, 
by  noding  out  the  expeditions  of  Byron,  Wallis,  and  Carteret,  in  1765. 
These  were  followed  by  those  of  Bougainville,  Coot,  Forster,  and  others. 
Russia  also  scattered  several  scientific  expeditions  through  her  vast 
dominions ;  and  pupils  of  Linnaeus  sought  the  icy  shores  of  Greenland 
and  Iceland,  in  order  to  apply  his  nomenclature  to  the  productions  of 
those  climes.  But  we  need  not  attempt  to  convey  any  idea  of  the 
vKt  stores  of  natural  historical  treasures  which  were  thus  collected 
from  every  part  of  the  globe. 

I  shall  not  endeavor  to  follow  Cuvier  in  giving  an  account  of  the 
greit  works  of  natural  history  to  which  this  accumulution  of  materials 
gave  rise ;  such  as  the  magnificent  work  of  Bloch  on  Fishes,  which 
tppeaied  in  1782 — 1785 ;  nor  need  I  attempt,  by  his  assistance,  to 
diaracterize  or  place  in  their  due  position  the  several  systems  of  classi- 
fication proposed  about  this  time.  But  in  the  course  of  these  various 
etaays,  the  distinction  of  the  artificial  and  natural  methods  of  classifica- 
tkm  came  more  clearly  into  view  than  before ;  and  this  is  a  point  so 
important  to  the  philosophy  of  the  subject,  that  we  must  devote  a  fe^ 
words  to  it 

"  Cuvier,  p  86.  "  lb.  p.  88. 
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Separation  of  the  Artificial  and  Natural  MModa  tn  IMhynlo^i^ 
It  lias  already  been  said  that  all  so-called  artificial  methods  of  daaji- 
cation  must  be  natural,  at  least  as  to  the  narrowest  membeiB  of  Mm 
system;  thus  the  artificial  Linnaoan  method  is  natural  as  to  ^eoiflih 
and  even  as  to  genera.  And  on  the  other  hand,  all  proposed  natnri 
methods,  so  long  as  they  remain  immodified,  are  artificial  as  to  tfaair 
characteristic  marks.  Thus  a  Natural  Method  is  an  attempt  to  )»- 
vide  positive  and  distinct  characters  for  the  wider  as  well  as  for  Mm 
narrower  natural  groups.  These  considerations  are  applicable  ti 
zoology  as  well  as  to  botany.  But  tlie  question,  how  we  know  nite* 
ral  groups  before  wc  find  marks  for  them,  was,  in  botany,  as  we  have 
seen,  susceptible  only  of  vague  and  obscure  answers : — ^the  mind  foam 
them,  it  was  said,  by  taking  the  aggregate  of  all  the  characten;  «r 
by  establishing  a  subordination  of  characters.  And  each  of  ih«e 
answers  had  its  difficulty,  of  which  the  solution  appeared  to  be,  dut 
in  attempting  to  form  natural  orders  wc  are  really  guided  by  a  laiflit 
..'Vlidmlopcd  estimate  of  physiological  relations.  Now  this  principk, 
'  ■yfkkkk'ffl0.^  dimly  seen  in  the  study  of  vegetables,  shines  out  with  mndi 
gli<lii*jiliiume8s  when  we  come  to  the  study  of  animals,  in  which  the 
physiological  relations  of  the  parts  are  so  manifest  that  they  cansol 
be  overlooked,  and  have  so  strong  an  attraction  for  our  curiosity  ihst 
we  cannot  help  having  our  judgments  influenced  by  them.  Hence  ike 
superiority  of  natural  systems  in  zoology  would  probably  be  far  moie 
generally  allowed  than  in  botany;  and  no  arrangement  of  animak 
which,  in  a  large  number  of  instances,  violated  strong  and  dear  nats- 
ral  affinities,  would  be  tolerated  because  it  answered  the  purpose  of 
enabling  us  easily  to  find  the  name  and  place  of  the  animal  in  the 
artificial  system.  Every  system  of  zoological  arrangement  may  be 
supposed  to  aspire  to  be  a  natural  system.  But  according  to  the 
various  habits  of  the  minds  of  systematizers,  this  object  was  pnxsned 
more  or  less  steadily  and  successfully;  and  these  differences  came 
more  and  more  into  view  with  the  increase  of  knowledge  and  the  mul- 
tiplication of  attempts. 

Bloch,  whose  ichthyological  labors  have  been  mentioned,  followed 
in  his  great  work  the  method  of  Linnaeus.  But  towards  the  end  of 
his  life  he  had  prepared  a  general  system,  founded  upon  one  single 
numerical  principle; — the  number  of  fins;  just  as  the  sexual  system 
of  Linnffius  is  founded  upon  the  number  of  stamina;  and  he  made  his 
subdivisions  according  to  the  position  of  the  ventral  and  pectoral  fins 
the  same  character  which  Linnaeus  had  employed  for  his  primar> 
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dninoii.  He  could  not  have  done  better,  says  Cavier/'  if  bis  object 
hd  been  to  turn  into  ridicule  all  artificial  metbods,  and  to  sbow  to 
itat  abenrd  combinations  tbey  may  lead. 

Cnrier  bimael^  wbo  always  pursued  natural  systems  witb  a  singularly 
lin  and  sagacious  consistency,  attempted  to  improve  tbe  icbtbyolo- 
gind  amngements  wbicb  bad  been  proposed  before  bim.  In  bis 
UfM  Animal^  publisbed  in  1817,  bo  attempts  tbe  problem  of  arranging 
tk  class ;  and  tbe  views  su^ested  to  bim,  botb  by  bis  successes  and 
Ml  fiulures^  are  so  instructive  and  pbilosopbical,  tbat  I  cannot  illus- 
tho  subject  better  tban  by  citing  some  of  tbcm. 
The  class  of  fisbcs,"  be  says,"  *'  is,  of  all,  tbat  wbicb  olSers  tbe 
difficulties,  wben  we  wisb  to  subdivide  it  into  orders,  accord- 
to  fixed  and  obvious  cbaractcrs.  After  many  trials,  I  bave  deter- 
on  tbe  following  distribution,  wbicb  in  some  instances  is  wanting 
ii  precision,  but  wbicb  possesses  the  advantage  of  keeping  the  natural 
fnuKes  entire. 

"Fish  form  two  distinct  series ; — tbat  of  chondropterygians  ac  < 
lagmmuffish^  and  tbat  offish  properly  so  called. 

^Tlie  first  of  tbese  series  bas  for  its  character,  that  tM^^fjiiiibc 
bones  replace,  in  it,  t^e  bones  of  the  upper  jaw :  moreover  the  whole 
of  its  structure  has  evident  analogies,  which  we  shall  explain. 
*^  It  divides  itself  into  three  orders  : 

•*  Tbe  Ctclostomes,  in  which  the  jaws  are  soldered  {soudees)  into 
so  immovable  ring,  and  the  bronchiso  arc  open  in  numerous  holes. 

**Tbe  Sklacians,  which  have  tlic  bronchiae  like  the  preceding,  but 
not  the  jaws. 

'^The  Sturonians,  in  which  tlio  bronchise  are  open  as  usual  by  a 
slit  furnished  with  an  operculum. 

"  The  second  scries,  or  that  of  ordinary  fishes,  otters  me,  in  the  first 
place,  a  primary  division,  into  those  of  which  the  maxillary  bone  and 
the  palatine  arch  are  dovetailed  {mgrenes)  to  tho  skull.  Of  these  I 
nuke  an  order  of  Peotognaths,  divided  into  two  families ;  tlie  gymno- 
donis  and  the  sclerodcmis. 

*•  After  these  I  have  the  fishes  with  complete  jaws,  but  with  bron- 
chiae  which,  instead  of  having  the  form  of  combs,  as  in  all  the  others, 
hire  the  form  of  a  series  of  little  tufts  {houjipes).  Of  these  I  again 
ibnn  an  order,  which  I  call  LopHonRANCiis,  which  only  includes  one 
funily. 


"  p.  108.  '*  Rifffis  Animal,  vol  il  p.  lia 
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i>^  X\i\>tl  rojiiHins  an  inmimcrable  quantity  of  fiahes,  to  wh 
TH*  loii^^r  apply  any  characters  except  tho&c  of  the  ext*i 
of  molioTi,     After  long  exam i nation,  I  have  found  that  i 
id  of  iho*o  ohamoters  is,  after  all,  that  employed  by  Ray  a 
Uton  fWm  \h>i>  nature  of  the  first  rays  of  the  dorsal  and  of  1 
.     Thiw  orviinftry  fi^hc*  are  divided  into  Malaooptehygia 
h  sJl  :hv  ny^  are  soft,  cxct.*pt  soinetimes  the  first  of  the  doT 
h<*  i^LViorab; — And  Ac astthoptkbyoians,  which  have  alwj 
;  ^v<uon  tvf  tfa«  dontal,  or  of  the  first  domal  when  there  j 
*tv^i\i  ^y  5piiH>in  imya,  and  in  which  the  anal  haa  al^  m 
^N  aix^i  tho  ventnU^  «t  least,  eaoh  one, 
t^  foJincr  t«»y  be  subdirided  without  inconvenience,  accordj 
\mn*l  titisi^hich  Are  sometimes  situate  l>ehind  the  abdoai 
>  *vtht^rv^nt  to  the  apparatus  of  the  shoulder,  or,  finally,  i 
w^  i^vftiuiHj  altc^ther,                                                            - 
tI»tL*  arrive  at  the  three  ordcis  of  Abdokixai.  Mai^acoptM 
\>(  SiBUKACHiAKs^  and  of  Apod  Eg;  each   of  which  inclm 
*tvind  families  which  VB  shall  explain:  the  firet,  especially 
lucrouri- 
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ties  which  it  may  prosent,  and  of  the  reasonings,  labors,  cautions,  and 
varied  resonrcea,  hy  means  of  which  its  solation  is  sought,  when  a 
great  philoeophical  naturalist  girds  himself  to  the  task.  We  see  here, 
mort  inatmctively,  how  different  the  endeavor  to  frame  such  a  natural 
ifrtem,  is  from  the  procedure  of  an  artificial  system,  which  carries 
io^ienitiTely  through  the  whole  of  a  class  of  organized  beings,  a  sys- 
tem of  marks  either  arbitrary,  or  conformable  to  natural  affinities  in  a 
pirtiai  degree.  And  we  have  not  often  the  advantage  of  having  the 
naaons  for  a  systematic  arrangement  so  clearly  and  fiilly  indicated,  as 
is  done  here,  and  in  the  descriptions  of  the  separate  orders. 

This  arrangement  Cuvier  adhered  to  in  all  its  main  points,  both  in  . 
the  second  edition  of  the  Bh^ne  Animal^  published  in  1821,  and  in  his 
SUkdre  NaUirelle  des  Fotasons,  of  which  the  first  volume  was  published 
in  1828,  but  which  unfortunately  was  not  completed  at  the  time  of  his 
death.  It  may  be  supposed,  therefore,  to  be  in  accordance  with  those 
views  of  zoological  philosophy,  which  it  was  the  business  of  his  life  to 
farm  and  to  apply ;  and  in  a  work  like  the  present,  where,  upon  so 
large  a  question  of  natural  history,  we  must  be  directed  in  -m  great 
measure  by  the  analogy  of  the  history  of  science,  and  by  the  judgments  'r* . 

which  seem  most  to  have  the  character  of  wisdom,  we  appear  to  be  '    lir 

justified  in  taking  Cuvier's  ichthyological  system  as  the  nearest 
approach  which  has  yet  been  made  to  a  natural  method  in  that  depart- 


The  true  nat^jral  method  is  only  one :  artificial  methods,  and  even 
good  ones,  there  may  be  many,  as  we  have  seen  in  botany ;  and  each 
of  these  may  have  its  advantages  for  some  particular  use.  On  some 
methods  of  this  kind,  on  which  naturalists  themselves  have  hardly  yet 
had  time  to  form  a  stable  and  distinct  opinion,  it  is  not  our  office  to 
decide.  But  judging,  as  I  have  already  said,  from  the  general  analo- 
gy of  the  natural  sciences,  I  find  it  difficult  to  conceive  that  the  ich- 
thyological method  of  M.  Agassiz,  recently  propounded  with  an  espe- 
eial  reference  to  fossil  fishes,  can  be  otherwise  than  an  artificial  method. 
It  IS  firanded  entirely  on  one  part  of  the  animal,  its  scaly  covering,  and 
even  on  a  single  scale.  B  does  not  conform  to  that  which  almost  all 
systematic  ichthyologists  hitherto  have  considered  as  a  permanent 
mtoral  distinction  of  a  high  order ;  the  distinction  of  bony  and  cartila- 
ginoos  fishes;  for  it  is  stated  that  each  order  contains  examples  of 
both.**     I  do  not  know  what  general  anatomical  or  physiological 


*Dr.  BueUand's  BriigewAtr  7}natm,  p.  87a 
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trothfl  it  bringB  into  view ;  but  they  ought  to  be  very  important  nil 
striking  ones,  to  entitle  them  to  supenede  those  whidi  led  CaviCTtB 
his  system.  To  this  I  may  add,  that  the  new  ichthyological  < 
does  not  seem  to  form,  as  we  should  expect  that  any  great 
towards  a  natoral  system  would  form,  a  connected  sequel  to  the  fttk 
history  of  ichthyology ; — a  step  to  whidi  anterior  discoveries  and  iHk 
provements  have  led,  and  in  which  they  are  retained. 

But  notwithstanding  these  considerations,  the  method  of  M.  Agattv 
has  probably  very  great  advantages  for  his  purpose ;  for  in  the  case  of 
fossil  fish,  the  parts  which  are  the  basis  of  his  system  often  renuu'^ 
when  even  the  skeleton  is  gone.  And  we  may  here  again  refer  to  a 
principle  of  the  classificatory  sciences  which  we  cannot  make  too  pro* 
minent ; — all  arrangements  and  nomenclatures  are  good,  which  eoaUi 
us  to  assert  general  propositions.  Tried  by  this  test,  we  cannot  M  to 
set  a  high  value  on  the  arrangement  of  M.  Agassiz ;  for  propositions  of 
the  most  striking  generality  respecting  fossil  remains  of  fish,  of  whidi 
geologists  before  had  never  dreamt^  are  enunciated  by  means  of  hii 
groups  and  names.  Thus  only  the  two  first  orders,  the  Plaed{d\m 
and  OanoHdianSf  existed  before  the  commencement  of  the  cretaceom 
formation :  the  third  and  fourth  orders,  the  Ctenofidians  and  Cydi^ 
dians,  which  contain  three-fourths  of  the  eight  thousand  known  ipe* 
cies  of  living  Fishes,  appear  for  the  first  time  in  the  cretaceous  fonns* 
tion  :  and  other  geological  relations  of  these  orders,  no  less  remarkable, 
have  been  ascertained  by  M.  Agassiz. 

But  we  have  now,  I  trust,  pursued  these  sciences  of  classification  wot- 
ficiently  far ;  and  it  is  time  for  us  to  enter  upon  that  higher  donuin 
of  Physiology  to  which,  as  we  have  said.  Zoology  so  irresistibly  direds 
us. 

[2nd  Ed.]  [I  have  retained  the  remarks  which  I  ventured  at  first  to 
make  on  the  System  of  M.  Agassiz ;  but  I  believe  the  opinion  of  the 
most  philosophical  ichthyologists  to  bo  that  Guvier  s  System  was  too 
exclusively  based  on  the  internal  skeleton,  as  Agassiz^s  was  on  thf 
external  skeleton.  In  some  degree  both  systems  have  been  superseded, 
while  all  that  was  true  in  each  has  been  retained.  Mr.  Owen,  in  hii 
Lectures  on  Vertebrata  (1846),  takes  Cuvierian  characters  from  the 
endo-skeleton,  Agassizian  ones  firom  the  exo^eleton,  Linnman  onei 
from  the  ventral  fins,  Mtlllerian  ones  from  the  air-bladder,  and  combinei 
them  by  the  light  of  his  own  researches,  with  the  view  of  forming  i 
system  more  truly  natural  than  any  preceding  one. 

As  I  have  said  above,  naturalists,  in  their  progress  towards  a  Natura 
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f  an  goidod  by  phjikdopeil  lelatioiifl,  latently  in  Boten j,  but 
tZcxdogy.  RomiheeiKXshofCavier'siS^^nM^'fliai^ 
of  %rtgBMtio  Zoology  is  hueparably  dependent  on  the 
Nii  of  CompttBlive  Anatomy.  Hence  I  liaye  placed  Cnvieir^s 
Mnatinn  of  aaamal  fcnns  in  the  next  Book,  which  treafai  of  Fhy- 
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OBQANICAL   SCI  EN  CBS. 


HISTORY   OF  PHYSIOLOGY 


COMPARATIVE  ANATOMY. 


INTRODUCnON. 

Cy  the  Organieal  Sciences 

IIHOUOH  the  general  notion  of  lifi  is  acknowledged  by  the  most 
^  proibnnd  philoeophers  to  be  dim  and  mysterions,  even  up  to  the 
fRMDt  time;  and  mnst^  in  the  early  stages  of  human  specnlation. 
We  been  still  more  obscare  and  confused ;  it  was  sufficient,  even 
tten,  to  give  interest  and  connexion  to  men's  observations  upon  their 
0»n  bodies  and  those  of  other  animals.    It  was  seen,  that  in  living 
ttings,  certain  peculiar  processes  were  constantly  repeated,  as  those 
€f  breathing  and  of  taking  food,  for  example ;  and  that  a  certain  con- 
(Donation  of  the  parts  of  the  animal  was  subservient  to  these  pro- 
OOMS ;  and  thus  were  gradually  formed  the  notions  of  Function  and 
of  Organization,    And  the  sciences  of  which  these  notions  formed  the 
bass  are  clearly  distmguishable  from  all  those  which  we  have  hitherto 
eonsidered.    We  conceive  an  orffoniged  body  to  be  one  in  which  the 
parte  are  there  for  the  sake  of  the  whole,  in  a  manner  different  from 
any  mechanical  or  chemical  connexion ;  we  conceive  a  Junction  to  be 
not  merely  a  process  of  change,  but  of  change  connected  with  the 
general  vital  process.    When  mechanical  or  chemical  processes  occur 
in  the  living  body,  they  are  instrumental  to,  and  directed  by,  the 
peculiar  powers  of  life.    The  sciences  which  thus  consider  organiza- 
tion and  vital  functions  may  be  termed  organical  sciences. 

When  men  b^an  to  speculate  concerning  such  subjects,  the  general 
mode  of  apprehending  the  process  in  the  cases  of  some  functions, 
^^peared  to  be  almost  obvious ;  thus  it  was  conceived  that  the  growth 
of  animals  arose  from  their  frame  appropriating  to  itself  a  part  of  the 
nbstance  of  the  food  through  the  various  passages  of  the  body. 
Under  the  influence  of  such  general  conceptions,  speculative  men  Were 
naturally  led  to  endeavor  to  obtain  more  clear  and  definite  views  of 
the  course  of  each  of  such  processes,  and  of  the  mode  in  which  the 
leparate  parts  contributed  to  it  Along  with  the  observation  of  the 
Vlfing  person,  the  more  searching  examination  which  could  be  carried 
on  in  the  dead  body,  and  the  comparison  of  various  kinds  of  animals, 
lOon  showed  that  this  pursuit  was  rich  in  knowledge  and  in  interest 


486  mSTOBY  OF  FHTHIOLOar. 

Moreover,  besides  the  interest  which  the  mere  speculative  fiicolty  gave 
to  this  study,  the  Art  of  Healing  added  to  it  a  great  practical  value ; 
and  the  elSects  of  diseases  and  of  medicines  supplied  new  materials  and 
new  motives  for  the  reasonings  of  the  philosopher. 

In  this  manner  anatomy  or  physiology  may  be  considered  as  a 
science  which  b^an  to  be  cultivated  in  the  earliest  periods  of  civiliza- 
tion, like  most  other  ancient  sciences,  its  cateer  has  been  one  of 
perpetual  though  variable  progress ;  and  as  in  others,  so  in  this,  each 
step  has  implied  those  which  had  been  previously  rnadu^  and  caanql 
be  understood  aright  except  we  understand  them.  Moreover,  tht 
steps  of  this  advance  have  been  very  many  and  diverse ;  the  cultivatoit 
of  anatomy  have  in  all  ages  been  numerous  and  laborious ;  the  subyeet 
is  one  of  vast  extent  and  complexity ;  almost  every  generation  had 
added  something  to  the  current  knowledge  of  its  details ;  and  tihs 
general  speculations  of  physiologists  have  been  subtle,  bold,  and 
learned.  It  must,  therefore,  be  difficult  or  impossible  for  a  pefsoa 
who  has  not  studied  the  science  with  professional  diligence  and  pro- 
fessional advantages,  to  fbrm  just  judgments  of  the  value  of  the  dis- 
coveries of  various  ages  and  persons,  vid  to  arrange  them  in  their  due 
relation  to  each  other.  To  this  we  may  add,  that  though  all  the  dis- 
coveries which  have  been  made  with  respect  to  particular  functions  or 
organizations  are  understood  to  be  subordinate  to  one  general  science^ 
the  Philosophy  of  Life,  yet  the  principles  and  doctrines  of  this  science 
nowhere  exist  in  a  shape  generally  received  and  assented  to  among 
physiologists ;  and  thus  we  have  not,  in  this  science,  the  advantage 
which  in  some  others  we  have  possessed ; — of  discerning  the  true 
direction  of  its  fust  movements,  by  knowing  the  point  to  which  they 
ultimately  tend ;— of  running  on  beyond  the  earlier  discoveries^  and 
thus  looking  them  in  the  hce^  and  reading  their  true  features.  With 
these  disadvantages,  all  that  we  can  have  to  say  respecting  the  histoiy 
of  Physiology  must  need  great  indulgence  on  liie  part  of  the  reader* 

Yet  hero,  as  in  other  cases,  we  may,  by  guiding  oar  views  by  those 
of  the  greatest  and  most  philosophical  men  who  have  made  the  sub- 
ject their  study,  hope  to  avoid  material  errors.  Nor  can  we  well 
evade  making  the  attempt.  To  obtain  some  suiq>le  and  consistent 
view  of  the  progress  of  physidiogical  science,  is  in  the  highest  degree 
important  to  the  completion  of  our  views  of  the  progress  of  physical 
science.  For  the  physiological  or  organical  sciences  foim  a  class 
to  which  the  classes  already  treated  o(  the  mechanical,  chemical,  and 
clasBJficatory  sciences,  are  subordinate  and  auxiliary.    Again,  another 
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drenmstance  which  makes  physiologj  an  important  part  of  our  tmrey 
of  haman  knowledge  is,  that  we  have  here  a  science  which  is  con- 
cerned, indeed,  abont  material  combinations,  bnt  in  which  we  are  led 
almost  beyond  the  borders  of  the  material  world,  into  the  region  of 
lensation  and  perception,  thonght  and  will.  Sach  a  contemplation 
msy  offer  some  suggestions  which  may  prepare  ns  for  the  transition 
from  phyaioal  to  meti^ysical  speculations. 

In  the  sorvey  which  we  must,  for  such  purposes,  take  of  the  pro- 
grea  of  phyndogy,  it  is  by  no  means  necessary  that  we  should 
ediaust  the  subject,  and  attempt  to  give  the  history  of  every  branch 
i£  Ike  kaowladge  of  the  phenomena  and  laws  of  living  creatures.  It 
mUk  be  Bpffiffiifflit^  if  we  follow  a  few  of  the  lines  of  such  researches, 
mkixik  mmy  be  considered  as  examples  of  the  whole.  We  see  that 
Wi  is  accompanied  and  sustained  by  many  processes,  which  at  first 
lAr  thamselTes  to  our  notice  as  separate  functions,  however  they  may 
lAerwaids  be  found  to  be  connected  and  identified ;  such  are  foelinj^ 
digeilioD,  regulation,  the  action  of  the  heart  and  pulse,  generation, 
perasptioD,  voluntary  motion.  The  analysis  of  any  one  of  these 
fiuctknis  may  be  pursued  separately.  And  since  in  this,  as  in  all 
gadmie  sciences,  our  knowledge  becomes  real  and  scientific,  only  in  so 
ihr  as  it  is  verified  in  particular  fiu^  and  thus  established  in  general 
propositions^  such  an  original  separation  of  the  subjects  of  research  is 
requisite  to  a  true  representation  of  the  growth  of  real  knowledge. 
Hie  loose  hypotheses  and  systems,  concerning  the  connexion  of  differ- 
eat  vital  foculties  and  the  general  nature  of  living  things,  which  have 
often  been  promulgated,  must  be  excluded  from  this  part  of  our  plan. 
We  do  not  deny  all  value  and  merit  to  such  speculations ;  but  they 
esnnot  be  admitted  in  the  earlier  stages  of  the  history  of  physiology, 
tieated  of  as  an  inductive  science.  If  the  doctrine  so  propounded 
have  a  solid  and  permanent  truth,  they  will  again  come  before  us 
when  we  have  travelled  through  the  range  of  more  limited  truths,  and 
sie  prepared  to  ascend  with  security  and  certainty  into  the  higher 
ngion  of  general  physiological  principles.  If  they  cannot  be  arrived 
at  by  such  a  road,  they  are  then,  however  plausible  and  pleasing,  no 
portion  of  that  real  and  progressive  science  with  which  alone  our  his- 
toijr  is  concerned. 

We  proceed,  therefore,  to  trace  the  establishment  of  some  of  the 
more  limited  but  certain  doctrines  of  physiology. 
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the  bonea,  and  surround  the  joints.''  It  is  clear  that  he  means  here 
the  muscles,  and  therefore  it  is  with  injustice  that  he  has  been  accnsed 
of  the  gross  error  of  deriving  the  nerves  from  the  heart  And  he  is 
held  to  have  really  had  the  merit*  of  discovering  the  nerves  of  sensa- 
tioo,  which  he  calls  the  "^  canab  of  tihe  brain  "  (v'opoi  rou  s^otf^aXov) ;  but 
the  analysis  of  the  mechanism  of  motion  is  left  by  him  almost  untouched. 
Perhaps  his  want  of  sound  mechanical  notions,  and  his  constant  strain- 
ii^  after  verbal  generalities,  and  systematic  classifications  of  the  widest 
kind,  supply  the  true  account  of  his  thus  missing  the  solution  of  one 
of  the  simplest  problems  of  Anatomy. 

In  thisy  however,  as  in  other  subjects,  his  immediate  predecesson 
me  fiff  from  remedying  the  deficiencies  of  his  doctrines.  Those  who 
pvofened  to  study  physiology  and  medicine  were,  for  the  most  part, 
iladioaB  only  to  frame  some  general  system  of  abstract  principles, 
which  might  give  an  appearance  of  connexion  and  profundity  to  their 
teneia.  In  this  manner  the  successors  of  Hippocrates  became  a  medi- 
cal school,  of  great  note  in  its  day,  designated  as  the  Dogmatic 
sdiod;*  in  opposition  to  which  arose  an  Empiric  sect,  who  professed 
to  dedooe  their  modes  of  cure,  not  from  theoretical  dogmas,  but  from 
eqierience.  These  rival  parties  prevailed  principally  in  Asia  Minor 
and  Egypt,  during  the  time  of  Alexander's  successors, — a  period  rich 
m  names,  but  poor  in  discoveries ;  and  we  find  no  dear  evidence  of 
any  decided  advance  in  anatomy,  such  as  we  are  here  attempting  to 
trace. 

Hie  victories  of  Lucullus  and  Pompeius,  in  Greece  and  Asia,  made 
the  Romans  acquainted  with  the  Greek  philosophy ;  and  the  conse- 
(jnence  soon  was,  that  shoals  of  philosophers,  rhetoricians,  poets,  and 
physicians*  streamed  from  Greece,  Asia  Minor,  and  i^pt,  to  Rome 
and  Italy,  to  traffic  their  knowledge  and  their  arts  for  Roman  wealth. 
Among  these,  was  one  person  whose  name  makes  a  great  figure  in  the 
history  of  medicine,  Asclepiades  of  Prusa  in  Bithynia.  This  man 
ifipears  to  have  been  a  quack,  with  the  usual  endowments  of  his  class; 
^boldness,  singularity,  a  contemptuous  rejection  of  all  previously 
esteemed  opinions,  a  new  classification  of  diseases,  a  new  list  of  medi- 
cines, and  the  assertion  of  some  wonderful  cures.  He  would  not,  on 
such  accounts,  deserve  a  place  in  the  history  of  science,  but  that  he 
becaae  the  founder  of  a  new  school,  the  Methodic^  which  professed  to 
hold  itself  separate  both  from  the  Dogmatics  and  the  Empirics. 


'  lb.  L  46S.        *  Sprengel,  Oe9eK  Arz,  i.  588.        *  Sprengel,  Ouek,  Arz,  ii.  fi. 


under  the  Antomnea,  and  died  about  aj>.  208.  The  folk 
age  from  his  wodn  will  show  that  this  prograBB  in  knowled 
made  without  the  usual  condition  of  laborious  and  carcAil  i 
while  it  implies  the  curious  fact  of  such  eiperiment  being 
by  means  of  family  tradition  and  instruction,  so  as  to  giv( 
catte  of  dissectors.  In  the  opening  of  his  Second  Book  Oi 
ad  lianipulatUmt^  he  speaks  thus  of  his  predecessors : 
blame  the  ancients,  who  did  not  write  books  on  anatomical 
tion ;  though  I  praise  Marinus,  who  did.  For  it  was  sup 
them  to  compose  such  records  for  themselves  or  others, 
were,  from  their  childhood,  exercised  by  their  parents  in 
just  as  familiariy  as  in  writing  and  reading;  so  that  Ha 
more  fear  of  their  forgetting  their  anatomy,  than  of  foigc 
alphabet  But  when  grown  men,  as  well  as  children,  wi 
this  thorough  discipline  fell  off;  and,  the  art  being  carried 
family  of  the  Asclepiad%  and  declining  by  repeated  tr 
books  became  necessary  for  the  student^ 

Tliat  the  general  structure  of  the  animal  fi-ame,  as  cc 
bones  and  musdes,  was  known  with  great  accuracy  before  1 
Galen,  is  manifest  from  the  nature  of  the  mistakes  and  de£ 
his  predecessors  which  he  finds  it  necessary  to  notice.  T 
serves,  that  some  anatomists  have  made  one  muscle  into  U 
having  two  heads ; — that  they  have  overlooked  some  of  t 
in  the  face  of  an  ape,  in  consequence  of  not  skinning  the  a 
their  own  hands; — ^and  the  like.  Such  remarks  imply  tb 
rent  knowledge  of  this  kind  was  tolerably  complete.    6 


^f    *1,»    ^^.«yv^1    . 
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thii  nbject ;  and  his  discoveries  and  descriptions,  even  of  very  minute 
pnii  of  the  mnscolar  syBtem,  are  spoken  of  with  praise  by  modem 


We  nmy  consider,  therefore,  thM  the  doctrine  of  the  muscular  sys- 
ten,  aa  m  collection  of  cords  and  sheets,  by  the  contraction  of  which 
fkb  parts  of  the  body  are  moved  and  supported,  was  firmly  established, 
■d  completely  followed  into  detai],  by  Galen  and  his  predecessors. 
Bst  there  is  another  class  of  organs  connected  with  voluntary  motion, 
tke  nerresy  and  we  must  for  a  moment  trace  the  opinions  which  pre- 
labd  xespectiog  these.  Aristotle,  as  we  have  said,  noticed  some  of 
flia  nerves  of  sensation.  But  Herophilus,  who  lived  in  Egypt  in  the 
tins  of  the  first  Ptolemy,  distinguished  nerves  as  the  oigans  of  the 
«3I,"  and  Bufus,  who  lived  in  the  time  of  Trajan,"  divides  the  nerves 
wto  sensitive  and  motive,  and  derives  them  all  from  the  brain.  But 
tUh  did  not  imply  that  men  had  yet  distinguished  the  nerves  from 
fliB  mnsdeSb  Even  Galen  maintained  that  every  muscle  consists  of  a 
bundle  of  nerves  and  sinews."  But  the  important  points,  the  neoes- 
mtj  of  the  nervei  and  the  origination  of  all  this  apparatus  of  motion 
fiom  the  brain,  he  insists  upon  with  great  clearness  and  force.  Thus 
he  ptored  the  necessity  experimentally,  by  cutting  through  some  of 
the  bundles  of  nerves,"  and  thus  preventing  the  corresponding  mo- 
tionSi  And  it  is,  he  says,"  allowed  by  all,  both  physicians  and  philo- 
eophersy  that  where  the  origin  of  the  nerve  is,  there  the  seat  of  the 
flonl  (^T^fifiovixov  rris  4^^^)  ™^s^  ^^  '  ^^^  ^^^  ^^  adds,  is  in  the  brain, 
and  not  in  the  heart. 

Thus  the  general  construction  and  arrangement  of  the  organization 
bj  which  voluntary  motion  is  effected,  was  well  made  out  at  the  time  of 
Galen,  and  is  found  distinctly  delivered  in  his  works.  We  cannot,  per- 
hapi|  justly  ascribe  any  large  portion  of  the  general  discovery  to  him : 
indeed,  the  conception  of  the  mechanism  of  the  skeleton  and  muscles 
was  probably  so  gradually  unfolded  in  the  minds  of  anatomical  students, 
that  it  would  be  difficult,  even  if  we  knew  the  labors  of  each  person, 
to  aelect  one,  as  peculiarly  the  author  of  the  discovery.  But  it  is  cleai* 
that  all  those  who  did  materially  contribute  to  the  establishment  of 
this  doctrine,  must  have  possessed  the  qualifications  which  we  find  in 
Galen  for  such  a  task ;  namely,  clear  mechanical  views  of  what  the 


•  Sprengel,  ii  160.  »•  lb.  i  684.  "  lb.  u.  67. 

»  Ibid,  ii  162.    Galen,  De  Motu  Muse,  p  668.  "  lb.  167. 

^  De  Eippoer  et  Plat,  Dog.  viii  1. 
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tensioiifi  of  collectioiiB  of  strings  ooold  do,  and  an  exact  practical  acquain* 
tance  with  the  musciilar  cordage  which  exists  in  the  animal  frame ; — 
in  short,  in  this  as  in  other  instances  of  real  advance  in  science,  1 
mnst  have  been  dear  ideas  and  real  frets,  unity  of  thought  and  ( 
of  observation,  brought  into  contact 

Sect,  2. — Recognition  of  Final  Causes  in  Physiology.     OaUn.      ■ 

Therb  is  one  idea  which  the  researches  of  the  physiologist  and  4*  i 
anatomist  so  constantly  force  upon  him,  that  he  cannot  help  fMwnfnfpg  g 
it  as  one  of  the  guides  of  his  speculations ;  I  mean,  the  idea  of  a  jpw-  i 
posCy  or,  as  it  is  called  in  Aristotelian  phrase,  a  final  cause^  in  fte  ] 
arrangements  of  the  animal  frame.  It  is  impossible  to  doubt  that  As 
motive  nerves  run  along  the  limbs,  in  order  that  they  may  convey  to 
the  muscles  the  impulses  of  the  will ;  and  that  the  muscles  are  attadied 
to  the  bones,  in  order  that  they  may  move  and  support  them.  TUs 
conviction  prevails  so  steadily  among  anatomists,  that  even  when  the 
use  of  any  part  is  altogether  unknown,  it  is  still  taken  for  granted  that 
it  has  some  use.  The  developement  of  this  conviction, — of  a  purpose 
in  the  parts  of  animals, — of  a  function  to  which  each  portion  of  the 
organization  is  subservient, — contributed  greatly  to  the  progress  of 
physiology ;  for  it  constantly  urged  men  forwards  in  their  researches 
respecting  each  organ,  till  some  definite  view  of  its  purpose  was 
obtained.  The  assumption  of  hypothetical  final  causes  in  Physics  mi^ 
have  been,  as  Bacon  asserts  it  to  have  been,  prejudicial  to  science ;  bat 
the  assumption  of  unknown  final  causes  in  Physiology,  has  given  rise 
to  the  science.  The  two  branches  of  speculation,  Physics  and  Physi- 
ology, were  equally  led,  by  every  new  phenomenon,  to  ask  their  ques- 
tion, "Why?"  But,  in  the  former  case,  "why"  meant  "through 
what  cause  ?"  in  the  latter,  "  for  what  end  ?"  And  though  it  may  be 
possible  to  introduce  into  physiology  the  doctrine  of  efiScient  causes, 
such  a  step  can  never  obliterate  the  obligations  which  the  science  owes 
to  the  pervading  conception  of  a  purpose  contained  in  all  organization. 
This  conception  makes  its  appearance  very  early.  Indeed,  without 
any  special  study  of  our  structure,  the  thought,  that  we  are  fearfully 
and  wonderfully  made,  forces  itself  upon  men,  with  a  mysterious  im- 
pressiveness,  as  a  suggestion  of  our  Maker.  In  this  bearing,  the 
thought  is  developed  to  a  considerable  extent  in  the  well-known  pas- 
sage in  Xenophon's  Conversations  of  Socrates.  Nor  did  it  ever  lose  its 
h< '  *  n\\  sober-minded  and  instructed  men.    The  S^icnreans,  indeed, 
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lidd  that  the  eye  was  not  made  for  seeing,  nor  the  ear  for  hearing ; 
isd  Aflclepiadefl,  whom  we  have  already  mentioned  as  an  impudent 
fntender,  adopted  this  wild  dogma."  Such  assertions  required  nO 
Uwr.  **It  is  easy,"  says  Galen,"  "for  people  like  Asclepiades,  when 
dwy  come  to  any  diflBculty,  to  say  that  Nature  has  worked  to  no  pnr^ 
pote."  The  great  anatomist  himself  pursues  his  suhject  in  a  very 
Msrent  temper.  In  a  well-known  passage,  he  breaks  out  into  an 
cnthiMiagtie  scorn  of  the  folly  of  the  atheistical  notions."  "  Try,"  he 
■^  <*  if  yoQ  can  imagine  a  shoe  made  with  half  the  skill  which  appears 
■  the  flkin  of  the  foot."  Some  one  had  spoken  of  a  structure  of  the 
koBan  body  which  he  would  have  preferred  to  that  which  it  now  has. 
•See^"  Galen  exclaims,  after  pointing  out  the  absurdity  of  the  imagi- 
mj  acheme,  ^  see  what  brutishness  there  is  in  this  wish.  But  if  I 
were  to  spend  more  words  on  such  cattle,  reasonable  men  might  blame 
■e  for  desecrating  my  work,  which  I  regard  as  a  religious  hymn  in 
honor  of  the  Creator." 

Galen  was  from  the  first  highly  esteemed  as  an  anatomist  He  was 
Qiigiiially  of  Pergamus ;  and  after  receiving  the  instructions  of  many 
medkal  and  philosophical  professors,  and  especially  of  those  of  Alex- 
tndzia,  which  was  then  the  metropolis  of  the  learned  and  scientific 
worid,  he  came  to  Rome,  where  his  reputation  was  soon  so  great  as  to 
exeite  the  envy  and  hatred  of  the  Roman  physicians.  The  emperors 
Marcus  Aurelius  and  Lucius  Verus  would  have  retained  him  near 
them ;  but  he  preferred  pursuing  his  travels,  directed  principally  by 
emioeity.  When  he  died,  he  left  beliind  him  numerous  works,  all  of 
them  of  great  value  for  the  light  tliey  throw  on  the  history  of  anatomy 
and  medicine ;  and  these  were  for  a  long  period  the  storehouse  of  all 
the  moet  important  anatomical  knowledge  which  the  world  possessed, 
hi  Ae  time  of  intellectual  barrenness  and  servility,  among  the  Ara- 
bins  and  the  Europeans  of  the  dark  ages,  the  writings  of  Galen  had 
ihnoBt  unquestioned  authority  ;*•  and  it  was  only  by  an  uncommon 
e&rt  of  independent  thinking  that  Abdollatif  ventured  to  assert,  that 
CTMi  Galen's  assertions  must  give  way  to  the  evidence  of  the  senses. 
In  more  modem  times,  when  Vcsalius,  in  the  sixteenth  century, 
aoeosed  Galen  of  mistakes,  he  drew  upon  himself  the  hostility  of  the 
'  i^ole  body  of  physicians.    Yet  the  mistakes  were  such  as  might  have 


•  Sprengel,  ii  15.  *•  D^  Uht  Part.  v.  C,  (on  the  kidneyi;) 

^  De  Utu  Fart.  iii.  10.  **  Sprengel,  u.  S69. 


upon  animalsi  and  not  upon  the  human  body,  (ialen  hii 
of  the  dissection  of  apes  as  a  very  fiuniliar  employment^  am 
he  killed  them  by  drowning.  The  natond  diflScnlties 
varions  ages,  have  prevented  the  unlimited  prosecution 
dissection,  operated  strongly  among  the  ancients,  and  it 
been  difficult,  under  such  circumstances,  to  proceed  more 
than  Galen  did. 

I  shall  now  proceed  to  the  history  of  the  discovery  of  i 
less  obvious  function,  the  circulation  of  the  blood,  whid 
modem  times. 


CHAPTER  n. 

DlSCOVKBT  OF  THE  CIRCULATION  OF  THE  BlOOI 


Sect.  1, — Prelude  to  the  Discovert/. 

THE  blood-vessels,  the  veins  and  arteries,  are  as  evident  i 
in  their  i^pcarance  as  the  muscles ;  but  their  functi< 
means  so  obvious.  Hippocrates^  did  not  discriminate  Ye 
terics;  both  are  called  by  the  same  name  {^fiJ^sg)]  ani 
from  which  artery  comes  (clprvjpif])  means,  in  his  works,  tl 
Aristotle,  scanty  as  was  his  knowledge  of  the  vessels  of  th 
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it  B  there  assertedy  **  is  accompanied  by  a  yein ;  the  former  are  filled 
ealf  with  breath  or  air."'  But  whether  or  no  this  passage  be  Atia- 
Mfe*%  ha  held  opinions  equally  erroneous;  as,  that  the  windpipe  con* 
i^B  air  into  the  heart*  Galen  *  was  far  from  having  views  respecting 
im  UoodrTessels,  as  sonnd  as  those  which  he  entertained  concerning 
Ae  mnaclea.  He  held  the  liver  to  be  the  origin  of  the  veins,  and  the 
hast  of  the  arteries.  He  was,  however,  acquainted  with  their  juno- 
im,  or  anoMtomosei,  Bat  we  find  no  material  advance  in  the  Iniow- 
hdge  of  this  snbject,  till  we  overleap  the  blank  of  the  middle  ages,  and 
MMk  tiie  dawn  of  modem  science. 

•Hie  &ther  of  modem  anatomy  is  held  to  be  Mondino,*  who  die- 
■lied  and  taught  at  Bologna  in  1315.  Some  writers  have  traced  in 
him  the  nidiments  of  the  doctrine  of  the  circulation  of  the  blood ;  for 
he  M^  that  the  heart  transmits  blood  to  the  lungs.  But  it  is  allowed, 
Ihat  he  afterwards  destroys  the  merit  of  his  remark,  by  repeating  the 
old  assertion  that  the  left  ventricle  ought  to  contain  spirit  or  air,  which 
it  generates  from  the  blood. 

Anatomy  was  cultivated  with  great  diligence  and  talent  in  Italy  by 
Achillini,  Carpa,  and  Messa,  and  in  France  by  Sylvius  and  Stephanus 
(Dubois  and  Etienne).  Yet  still  these  empty  assumptions  respecting 
the  heart  and  blood-vessels  kept  their  ground.  Yesalius,  a  native  of 
Bnusels,  has  been  termed  the  founder  of  human  anatomy,  and  his 
great  work  J)e  Humani  Corporis  Fahricd  is,  even  yet,  a  splendid 
nonmnent  of  art,  as  well  as  science.  It  is  said  that  his  figures  were 
deeded  by  Titian ;  and  if  this  be  not  exactly  true,  says  Cuvier,^  they 
ntDit,  at  least,  bo  from  the  pencil  of  one  of  the  most  distinguished 
pupQs  of  the  great  painter ;  for  to  this  day,  though  we  have  more 
fiidied  drawings,  we  have  no  designs  that  are  more  artistlike.  Fallo* 
pioi,  who  succeeded  Yesalius  at  Padua,  made  some  additions  to  the 
Rmrches  of  his  predecessor ;  but  in  his  treatise  De  ^rincipio  Vena^ 
nm,  it  is  clearly  seen'  that  the  circulation  of  the  blood  was  unknown 
to  him.  Eustachius  also,  whom  Cuvier  groups  with  Yesalius  and 
KDopiiui,  as  the  three  great  founders  of  modem  anatomy,  wrote  a 
tieatiM  on  the  vein  azygos*  which  is  a  little  treatise  on  comparative 
anatomy ;  but  the  discovery  of  the  functions  of  the  veins  came  from  a 
<fiierent  quarter. 


'  De5piri<tt,  V.  1078.  *  Spr.  i  501.  •  lb.  a  152. 

*  Eneyc  Brit.  692.  Anatomy.  *  Le^otu  ntr  rSUt,  det  8c.  Nat.  p.  21. 

"  Oav.  Be.  Nat.  p  82.  *  lb.  p.  84. 
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The  unfortunate  Sorvetns,  who  was  burnt  at  Geneva  aa  a  hen 
1553,  is  tho  first  person  who  speaks  distinctly  of  the  small  droul 
or  that  which  carries  the  blood  fix>m  the  heart  to  the  lungsi  and 
again  to  the  heart  His  work  enticed  C%mfiaiMfiiu  BetHimii 
also  burnt;  and  only  two  copies  are  known  to  have  esciqped  thai 
It  is  in  this  work  that  he  asserts  the  doctrine  in  question,  as  a 
tend  argument  or  illustration  of  his  subject  ^  The  conunuui 
between  the  right  and  left  ventricle  of  the  heart,  is  made,"  he 
*^  not  as  is  commonly  believed,  through  the  partition  of  the  heaa 
by  a  remarkable  artifice  {magno  artifieio)  the  blood  is  carried  fro 
right  ventricle  by  a  long  circuit  through  the  lungs ;  is  elaboiafe 
the  lungs,  made  yellow,  and  transfused  from  the  vena  arterUm 
the  artma  venosaP  This  truth  is,  however,  mixed  with  variona 
traditional  fancies  concerning  the  ^  vital  tepirity  which  has  its  on 
the  left  ventricle.**  It  may  be  doubted,  also,  how  fiir  Servetoa  i 
his  opinion  upon  conjecture,  and  on  a  hypothetical  view  of  the  i 
tion  of  this  vital  spirit  And  we  may,  perhaps,  more  justly  a 
the  real  establishment  of  the  pulmonaij  circulation  as  an  ind 
truth,  to  RcalduB  Columbus,  a  pupil  and  successor  of  Veaal 
Padua,  who  published  a  work  Be  Be  Anatomica  in  1559,  in  whi 
claims  this  discovery  as  his  own/* 

Andrew  Gsesalpinus,  who  has  already  come  under  our  notice  i 
of  the  fathers  of  modem  inductive  science,  both  by  his  metaph 
and  his  physical  speculations,  described  the  pulmonary  circnlatk 
more  completely  in  his  QucBStionee  PeripateticWj  and  even  i 
be  on  the  eve  of  discovering  the  great  circulation ;  for  he 
the  swelling  of  veins  below  ligatures,  and  inferred  from  it  a  re 
motion  of  blood  in  Uieso  vessels."  But  another  discovery  of  stn 
was  needed,  to  prepare  the  way  for  this  discovery  of  functkm 
this  was  made  by  Fabricius  of  Acquapendente,  who  succeeded  i 
grand  list  of  great  professors  at  Padua,  and  taught  there  tat 
years."  Sylvius  had  discovered  the  existence  of  the  valvea  « 
veins ;  but  Fabricius  remarked  that  they  are  all  turned  towaiti 
heart  Combining  this  disposition  with  that  of  the  valvea  d 
heart,  and  with  the  absence  of  valves  in  the  arteries,  he  might 
come  to  the  conclusion"  that  the  blood  moves  in  a  different  din 
in  the  arteries  and  in  the  veins,  and  might  thus  have  discovere 
circulation ;  but  this  glory  was  reserved  for  William  Harvey :  so 

■•  £neyc.  BrU.  "IK  »  Cuv.  p.  44.  »  p.  4 
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■  it,  obierFes  Cayier^  that  we  are  often  on  the  brink  of  a  discovery 
widKmt  sospecting  that  we  are  bo  ; — bo  true  is  it,  we  may  add,  that  a 
eolun  ancceasion  of  time  and  of  persons  is  generally  necessary  to 
\  men  with  one  thought,  before  they  can  advance  to  that 
L  ia  the  next  in  order. 


Sect,  2d — !rhe  Discovery  of  the  Circulation  made  hy  Harvey. 

WiujAM.  Hjlbvbt  was  bom  in  1578,  at  Folkestone  in  Kent'*  He 
fat  rtodied  at  Cambridge :  he  afterwards  went  to  Padna,  where  the 
eddvity  of  Fabridns  of  Acqnapendente  attracted  from  all  parts  those 
iha  irished  to  be  instmcted  in  anatomy  and  physiology.  In  this 
d^i  excited  by  the  discovery  of  the  valves  of  the  veins,  which  his 
■uler  liad  recently  made,  and  reflecting  on  the  direction  of  the  valves 
vUdi  aie  at  the  entrance  of  the  veins  into  the  heart,  and  at  the  exit 
of  the  arteries  from  it,  he  conceived  the  idea  of  making  experiments, 
ia  order  to  determine  what  is  the  coarse  of  the  blood  in  its  vessels. 
He  fbimd  that  when  he  tied  np  veins  in  various  animals,  they  swelled 
bdow  the  ligatnre,  or  in  the  part  furthest  from  the  heart ;  while  arte- 
lies,  with  m  like  ligature,  swelled  on  the  side  next  the  heart  Combin- 
ii^  these  fiicts  with  the  direction  of  the  valves,  ho  came  to  the  concln- 
don  that  the  blood  is  impelled,  by  the  left  side  of  the  heart,  in  the 
irteriea  to  the  extremities,  and  thence  returns  by  the  veins  into  the 
ri|^t  side  of  the  heart  He  showed,  too,  how  this  was  confirmed  by 
the  phenomena  of  the  pulse,  and  by  the  results  of  opening  the  vessels. 
He  proved,  also,  that  the  circulation  of  the  lungs  is  a  continuation  of 
the  larger  circulation ;  and  thus  the  whole  doctrine  of  the  double  cir- 
culation was  established. 

Harvey's  experiments  had  been  made  in  1616  and  1618 ;  it  is 
commonly  said  that  he  first  promulgated  his  opinion  in  1610 ;  but 
the  mannacript  of  the  lectures,  delivered  by  him  as  lecturer  to  the 
Cdlege  of  Physicians,  is  extant  in  the  British  Museum,  and,  contain- 
ing the  propositions  on  which  the  doctrine  is  founded,  refers  them  to 
April,  1616.  It  was  not  till  1628  that  ho  published,  at  Frankfort,  his 
Aereitaiio  Anatomica  de  Motu  Cordis  et  Sanguinis  ;  but  ho  there 
observes  that  he  had  for  above  nine  years  confirmed  and  illustrated  his 
opmion  in  his  lectures,  by  arguments  grounded  upon  ocular  demonstra 
tiooa. 

»•  Cuv.  p.  61. 
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Sect.  Si^jRecepium  ^  ths  JDiaeovtry. 

WirnouT  dwelling  long  npon  tho  circomstancei  of  the  genenLj 
tion  of  this  doctrine,  wo  may  ohserve  that  it  wasi  for  the  mortgigi 
readily  accepted  by  his  coantrymen,  but  that  abroad  it  had  ii 
encoanter  considerable  opposition.  Although,  as  we  have  seeiii  hi 
predecessors  had  approached  so  near  to  the  discorery,  men's  miBd 
were  by  no  means  as  yet  prepared  to  receive  it  Several  phjnaj|| 
denied  tho  troth  of  the  opinion,  among  whom  the  most  eminenl  jj 
Riolan,  professor  at  the  CoUdge  de  France.  Other  writen,  aa  QflM 
happens  in  the  case  of  great  discoveries,  asserted  that  the  ^^-^ — 
was  ancient,  and  even  that  it  was  known  to  Hippocrates, 
defended  his  opinion  with  spirit  and  temper ;  yet  he  appeaia  to  ! 
retained  a  lively  recollection  of  the  disagreeable  nature  of  the  ilqj 
gles  in  which  he  was  thus  involved.  At  a  later  period  of  hii  S| 
Ent,"  one  of  his  admirers,  who  visited  him,  and  niged  him  to  pnlljl 
the  researches  on  generation,  on  which  he  had  long  been  engagy 
gives  this  account  of  the  manner  in  which  he  received  the  propomj 
*'  And  would  you  then  advise  me,  (smilingly  replies  the  doctra^ j 
quit  the  tranquillity  of  this  haven,  wherein  I  now  calmly  spend  flj 
days,  and  again  conmiit  myself  to  the  unfjEuthful  ocean  ?  You  axe  at 
ignorant  how  groat  troubles  my  lucubrations,  formerly  published,  hm 
raised.  Better  it  is,  certainly,  at  some  time,  to  endeavor  to  giow^iri 
at  home  in  private,  than  by  the  hasty  divulgation  of  such  things  to  ^ 
knowledge  whereof  you  have  attained  with  vast  labor,  to  stir  j 
tempests  that  may  deprive  you  of  your  leisure  and  quiet  tar  tl 
future." 

His  merits  were,  however,  soon  generally  recognized.  He  vai 
made  physician  to  James  the  First,  and  afterwards  to  Charlea  tt 
First,  and  attended  that  unfortunate  monarch  in  the  civil  war.  { 
had  tho  permission  of  the  parliament  to  accompany  the  king  on  A 
leaving  London ;  but  this  did  not  protect  him  from  having  hia  hpv 
plundered  in  his  absence,  not  only  of  its  furniture,  but,  which  he  ft 
more,  of  the  records  of  his  experiments.  In  1652,  his  brethren  of  di 
College  of  rhysicians  placed  a  marblo  bust  of  him  in  their  hall,  wit 
an  inscription  recording  his  discoveries ;  and  two  years  later,  he  wi 
nominated  to  the  office  of  President  of  the  C!ollege,  which  however  h 
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I    declined  in  coDBequence  of  his  age  and  infinuitics.    Uis  doctrine  soon 

P     jqnired  popular  carrency ;  it  was,  for  instance,  taken  by  Descartes" 

•  the  basis  of  his  physiology  in  his  work  On  Man  ;  and  Harvey  had 

Aft  pleasure,  which  is  often  denied  to  discoverers,  of  seeing  his  dis- 

generally  adopted  daring  his  lifetime. 


8mL  4. — Bearing  of  ike  Discovery  on  the  Progreee  of  Physiology, 


ddering  the  intellectual  processes  by  which  Harvey^s  dis- 
\  were  made,  it  is  impossible  not  to  notice,  that  the  recognition 
V  a  creative  purpose,  which,  as  we  have  said,  appears  in  all  somid 
1il|yiiological  reasonings,  prevails  eminently  here.  *'I  remember,'* 
4qfB  Boyle,  **•  that  when  I  asked  our  famous  Harvey  what  were  the 
VfaigB  that  induced  him  to  think  of  a  circulation  of  the  blood,  he  an- 
ilrered  me,  that  when  he  took  notice  that  the  valves  in  the  veins  of 
10  many  parts  of  the  body  were  so  placed,  that  they  gave  a  free 
pange  to  the  blood  towards  the  heart,  but  opposed  the  passage  of 
fte  venal  blood  the  contrary  way ;  he  was  incited  to  imagine  that  so 
ptondent  a  cause  as  Nature  had  not  placed  so  many  valves  without 
de^gn;  and  no  design  seemed  more  probable  than  that  the  blood 
fhonld  be  sent  through  the  arteries,  and  return  through  the  veins, 
whose  valves  did  not  oppose  its  course  that  way." 

We  may  notice  further,  that  this  discovery  implied  the  usual  condi- 
tions, distinct  general  notions,  careful  observation  of  many  facts,  and 
the  mental  act  of  bringing  together  these  elements  of  truth.  Harvey 
most  have  possessed  clear  views  of  the  motions  and  pressures  of  a  fluid 
dicolating  in  ramifying  tubes,  to  enable  him  to  sec  how  tlie  position 
of  valves,  the  pulsation  of  the  lieart,  the  effects  of  ligatures,  of  bleed- 
ing; and  of  other  circumstances,  ought  to  manifest  themselves  in  order 
to  confirm  his  view.  That  he  reivrred  to  a  multiplied  and  varied  expe- 
rience for  the  evidence  that  it  was  so  confirmed,  we  have  already  said. 
lake  all  the  best  philosophers  of  his  time,  he  insists  rigidly  upon  the 
neceBBity  of  such  experience.  "In  every  science,"  he  says,"  '*be  it 
what  it  will,  a  diligent  obscr\'ation  is  requisite,  and  sense  itself  must 
be  frequently  consulted.  We  must  not  rely  upon  other  men's  expe- 
rience, but  our  own,  without  which  no  man  is  a  proper  disciple  of  any 
put  of  natural  knowledge."  And  by  publishing  his  experiments,  he 
tnists,  he  adds,  that  he  has  enabled  his  reader  "  to  be  an  equitable 


"  Cut.  68.  "  Oeneraiion  of  Animalt,  Pre£ 
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umpire  between  Aristotle  and  Galen;"  or  rather,  he  might  have  aaidp 
to  see  how,  in  the  promotion  of  science,  sense  and  reason,  obsenntiai  ^ 
and  invention,  have  a  mutual  need  of  each  other. 

We  may  observe  further,  that  though  Harvey's  glory,  in  the  oMl  y 
now  before  us,  rested  upon  his  having  proved  the  reality  of  oeftah  ^ 
mechanical  movements  and  actions  in  the  blood,  this  discovery,  and  d  ij 
other  physiological  truths,  necessarily  involved  the  assumption  qfsOQM  i 
peculiar  agency  belonging  to  living  things,  different  both  fix>m  medmi-   | 
cal  agency,  and  from  chemical ;  and  in  shorty  something  piial^  and  Bii  , 
physical  merely.    For  when  it  was  seen  that  the  pulsation  of  the  hm\  j 
its  9ystole  and  diastole^  caused  the  circulation  of  the  blood,  it  mighl   i 
still  be  asked,  what  force  caused  this  constantly-recurring  oontraetMp 
and  expansion.    And  again,  circulation  is  closely  connected  with  nt^ 
ration ;  the  blood  is,  by  the  circulation,  carried  to  the  lungs,  aaftk 
there,  according  to  the  expression  of  Columbus  and  Harvey,  mini 
with  air.    But  by  what  mechanism  does  this  mixture  take  plaoe^  aid 
what  is  the  real  nature  of  it?    And  when  succeeding  researches  hai 
enabled  physiologists  to  give  an  answer  to  this  question,  as  fiur  as  A»- 
mical  relations  go,  and  to  say,  that  the  change  consists  in  the  abstne- 
tion  of  the  carbon  from  the  blood  by  means  of  the  oxygen  of  the  atmo- 
sphere; they  were  still  only  led  to  ask  further,  how  this  chemical 
change  was  effected,  and  how  such  a  change  of  the  blood  fitted  it  for 
its  uses.     Every  function  of  which  we  explain  the  course,  the  mecha- 
nism, or  the  chemistry,  is  connected  with  other  functions, — ^is  subser- 
vient to  them,  and  they  to  it ;  and  all  together  are  parts  of  the  gene- 
ral vital  system  of  the  animal,  ministering  to  its  life,  but  deriving  thor 
activity  from  the  life.    Life  is  not  a  collection  of  forces,  or  polarities, 
or  affinities,  such  as  any  of  the  physical  or  chemical  sciences  contem- 
plate ;  it  has  powers  of  its  own,  which  often  supersede  those  suboidi- 
nate  relations ;  and  in  the  cases  where  men  have  traced  such  agents  in 
the  animal  frame,  they  have  always  seen,  and  usually  acknowledged, 
that  these  agents  were  ministerial  to  some  higher  agency,  more  difB- 
cult  to  trace  than  these,  but  more  truly  the  cause  of  Uie  phenomena. 

The  discovery  of  the  mechanical  and  chemical  conditions  of  the 
vital  functions,  as  a  step  in  physiology,  may  be  compared  to  the  dis- 
covery of  the  laws  of  phenomena  in  the  heavens  by  Kepler  and  his 
predecessors,  while  the  discovery  of  the  force  by  which  they  were  pro- 
duced was  still  reserved  in  mystery  for  Newton  to  bring  to  light  The 
subordinate  relation  of  the  facts,  their  dcpendance  on  space  and  time, 
their  reduction  to  order  and  cycle,  had  been  fully  performed ;  but  the 


1 


THK  dBOULAinON  OF  TEEB  BLOOD.  451 

Rfsence  of  them  to  distinct  ideas  of  catuation,  their  interpretation  as 
tte  lesnltB  of  mechanical  force,  was  omitted  or  attempted  in  vain.  The 
Toj  notion  of  sach  Force,  and  of  the  manner  in  which  motions  were 
termmed  by  it^  was  in  the  highest  degree  vague  and  vacillating;  and 
aceBtnxy  was  requisite,  as  we  have  seen,  to  give  to  the  notion  that 
cJMfiicwi  and  fizi^  which  made  the  Mechanics  of  the  Heavens  a  pos- 
■bie  icieiice.  In  like  manner,  the  notion  of  Life,  and  of  Vital  Forces^ 
k  still  too  obscure  to  be  steadily  held.  We  cannot  connect  it  distinctly 
with  severe  indoctions  from  fiicts.  We  can  trace  the  motions  of  the 
flnids  as  Kepler  traced  the  motions  of  the  planets;  bnt  when 
seek  to  lender  a  reason  for  these  motions,  like  him,  we  recnr  to 
n  of  a  wide  and  profound,  but  mysterious  import ;  to  Virtues,  In- 
vndeftned  Powers.  Tet  we  are  not  on  this  account  to  despair. 
Be  reiy  instance  to  which  I  am  referring  shows  us  how  rich  is  the 
pranuse  of  the  future.  Why,  says  Guvicr,^*  may  not  Natural  History 
ene  day  have  its  Newton  ?  The  idea  of  the  vital  forces  may  gradually 
K>  dear  and  definite  as  to  be  available  in  science ;  and  future 
aona  may  include,  in  their  physiology,  propositions  elevated  as 
kr  dwre  the  circulation  of  the  blood,  as  the  doctrine  of  universal  gravi- 
tilion  goes  beyond  the  explanation  of  the  heavenly  motions  by  epicy- 
dn. 

H  by  what  has  been  said,  I  have  exemplified  sufficiently  the  nature 
of  those  steps  in  physiology,  which,  like  the  discovery  of  the  Circulation, 
gire  an  explanation  of  the  process  of  some  of  the  animal  functions,  it  is 
not  neceesary  for  me  to  dwell  longer  on  the  subject ;  for  to  write  a  his- 
tory, or  even  a  sketch  of  the  history  of  Physiology,  would  suit  neither 
my  powers  nor  my  purpose.  Some  further  analysis  of  the  general 
vew%  which  have  been  promulgated  by  the  most  eminent  physiologists, 
may  perhaps  be  attempted  in  treating  of  the  Philosophy  of  Inductive 
Science ;  but  the  estimation  of  the  value  of  recent  speculations  and  in- 
Testigations  must  be  left  to  those  who  have  made  this  vast  subject  the 
study  of  their  lives.  A  few  brief  notices  may,  however,  be  here  intro- 
dooed. 


»•  Ossem,  Fo99.  Introd. 
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CHAPTER  HL 

DlSOOYXBT  OF  THB  MoTION  OF  THE  ChTUE,  AVD  OOITSKQTTUX^ 

Spxoulatiokb. 


^  Sect.  I.— The  Diecovery  of  the  Motum  of  the  Chyle. 

r'  may  have  been  observed  in  the  previous  course  of  this  HistajlC 
ihe  Sciences,  that  the  discoveries  in  each  science  have  a  pend&li 
physiognomy :  something  of  a  common  type  may  be  traced  in  the  pn* 
gress  of  each  of  the  theories  belonging  to  the  same  department  of  knotf- 
ledge.  We  may  notice  something  of  this  common  form  in  the  yariiw 
branches  of  physiological  speculation.  In  most»  or  all  of  themy  m 
have,  as  we  have  noticed  the  case  to  be  with  respect  to  the  cinft 
lation  of  the  blood,  clear  and  certain  discoveries  of  mechanical  eai 
chemical  processes,  succeeded  by  speculations  &r  more  obscure,  douhlU 
and  vague,  respecting  the  relation  of  these  changes  to  the  laws  of  Hb 
This  feature  in  the  history  of  physiology  may  be  further  instanced,  (^ 
shall  be  done  very  briefly),  in  one  or  two  other  cases.  And  we  mq 
observe,  that  the  lesson  which  we  are  to  collect  from  this  narrative^  i 
by  no  means  that  wo  are  to  confine  ourselves  to  the  positive  discovoj 
and  reject  all  the  less  clear  and  certain  speculations.  To  do  this,  wook 
be  to  lose  most  of  the  chances  of  ulterior  progress ;  for  though  it  mq 
be,  that  our  conceptions  of  the  nature  of  organic  lifa  are  not  yet  soA 
ciently  precise  and  steady  to  become  the  guides  to  positive  inductivi 
truths,  still  the  only  way  in  which  these  peculiar  physiological  idea 
can  be  made  more  distinct  and  precise,  and  thus  brought  more  nearl) 
into  a  scientific  form,  is  by  this  struggle  with  our  ignorance  or  imper 
feet  knowledge.  This  is  the  lesson  we  have  learnt  from  the  history  of 
physical  astronomy  and  other  sciences.  We  must  strive  to  refer  fiicto 
which  are  known  and  understood,  to  higher  principles,  of  w^hich  wc 
cannot  doubt  the  existence,  and  of  which,  in  some  d^ee,  we  can  see 
the  place ;  however  dim  and  shadowy  may  be  the  glimpses  we  have 
hitherto  been  able  to  obtain  of  their  forms.  We  may  often  foil  in 
such  attempts,  but  without  the  attempt  we  can  never  succeed. 
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Thai  the  food  is  received  into  the  stomach,  there  undergoes  a  change 
of  its  oonsisteiice,  and  is  then  propelled  along  the  intestines,  are  obvious 
heti  in  the  animal  economy.  But  a  discovery  made  in  the  course  of 
the  seventeenth  century  brought  into  clearer  light  the  sequel  of  this 
series  of  processes,  and  its  connexion  with  other  functions.  In  the 
jear  1622,  Asellius  or  Aselli^  discovered  certain  minute  vessels, 
termed  laeieak^  which  absorb  a  white  liquid  (the  chyle)  from  the 
bowels,  and  pour  it  into  the  blood.  These  vessels  had,  in  fact,  been 
discovered  by  Eristratus,  in  the  ancient  world,'  in  the  time  of  Ptolemy ; 
but  Aselli  was  the  first  modem  who  attended  to  them.  He  described 
them  in  a  treatise  entitled  J)e  Venis  Lacteis^  cum  figurU  elegantissimis, 
printed  at  Milan  in  1627,  the  year  after  the  death  of  the  author.  The 
woikis  remarkable  as  the  first  which  exhibits  colored  anatomical  figures ; 
the  arteriea  and  veins  are  represented  in  red,  the  lacteals  in  black. 

Bnstachius,'  at  an  earlier  period,  had  described  (in  the  horse)  the 
thoneie  duct  by  which  the  chyle  is  poured  into  the  subclavian  vein,  on 
the  right  nde  of  the  neck.  But  this  description  did  not  excite  so  much 
Dotiee  as  to  prevent  its  being  forgotten,  and  rediscovered  in  1550,  after 
the  koowledge  of  the  circulation  of  the  blood  had  given  more  impor- 
taaoe  to  sach  a  discovery.  Up  to  this  time,^  it  had  been  supposed 
that  (he  lacteals  carried  the  chyle  to  the  liver,  and  that  the  blood  was 
mannfiustiired  there.  This  opinion  had  prevailed  in  all  the  works  of 
the  neienta  and  modems ;  its  falsity  was  discovered  by  Pecquet,  a 
Rench  physician,  and  published  in  1651,  in  his  New  Anatomical  Ex- 
fmmentt ;  in  which  are  discovered  a  receptacle  of  the  chyle,  un- 
known till  then,  and  the  vessel  which  conveys  it  to  the  subclavian 
vein.  Pecquet  himself  and  other  anatomists,  soon  connected  this 
diioovery  with  the  doctrine,  then  recently  promulgated,  of  the  circu- 
htion  of  the  blood.  In  1G65,  these  vessels,  and  the  lymphatics 
vhich  are  connected  with  them,  were  further  illustrated  by  Ruysch 
is  his  exhibition  of  their  valves.  {Dilmidatio  valvularum  in  vasii 
Ipa^phaUcii  et  lacteis,) 

Sect,  2. — The  Consequent  Speculations,     Hypotheses  of  Digestion, 

Tm^s  it  was  shown  that  aliments  taken  into  the  stomach  are,  by  its 
iction,  made  to  produce  chyme  ;  from  the  chyme,  gradually  changed 


*  Mayo,  Physiology,  p.  166.  "  Cuv.  Ilitt  8c.  p.  60. 

•  Cuv.  HiiL  p  84.  *  lb.  p.  866. 
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m  its  progress  through  the  intestines,  ehyle  is  absorbed  by  the  lie-  ' 
teals ;  and  this,  poured  into  the  blood  by  the  thoracic  ducti  veptam  ^ 
the  waste  and  noorishes  the  growth  of  the  animaL  But  by  wlui 
powers  is  the  food  made  to  undergo  these  translbrmationB  f  Can  we 
explain  them  on  mechanical  or  on  chemical  principles  f  Here  we 
come  to  a  part  of  physiology  less  certain  than  the  discovery  of  yesselii 
or  of  the  motion  of  floids.  We  have  a  number  of  opinions  on  this 
subject,  but  no  universally  acknowledged  trutL  We  have  a  coUeo- 
tion  of  ffypotheses  of  Digestion  and  Ifutnticn. 

I  shall  confine  myself  to  the  former  class ;  and  withcfit  dwelling 
long  upon  these,  I  shall  mention  some  of  them.  The  philosophers  of 
the  Academy  del  Cimento^  and  several  others,  having  experimented 
on  the  stomach  of  gallinaceous  birds,  and  observed  the  astonishing 
force  with  which  it  breaks  and  grinds  substances,  were  led  to  consider 
the  digestion  which  takes  place  in  the  stomach  as  a  kind  of  trihuror 
tion,*  Other  writers  thought  it  was  more  properly  described  as  fit' 
mentation ;  others  again  spoke  of  it  as  a  putrefueiion,  Yangnon 
gave  a  merely  physical  account  of  the  first  part  of  the  proceasi  main- 
taining that  the  division  of  the  aliments  was  the  ^ect  of  the  disen- 
gagement of  the  air  introduced  into  the  stomach,  and  dilated  by  the 
heat  of  the  body.  The  opinion  that  digestion  is  a  ioluUon  ci  the  tooi 
by  the  gastric  juice  has  been  more  extensively  entertained. 

Spallanzani  and  others  made  many  experiments  on  this  subject. 
Yet  it  is  denied  by  the  best  physiologists,  that  the  changes  of  diges- 
tion can  be  adequately  represented  as  chemical  changes  only,  the 
nerves  of  the  stomach  (the  pneumo-^aetric)  are  said  to  be  essential  to 
digestion.  Dr.  Wilson  Philip  has  asserted  that  the  influence  of  these 
nerves,  when  they  are  destroyed,  may  be  replaced  by  a  galvanic  car- 
rent.'  This  might  give  rise  to  a  supposition  that  digestion  depends 
on  galvanism.  Yot  we  cannot  doubt  that  all  these  hypotheses, — ^me- 
chanical, physical,  chemical,  galvanic — are  altogether  insufficient 
^  The  stomach  must  have,"  as  Dr.  Prout  says,^  "  the  power  of  organis- 


"  Bourdon,  Phytiol,  Cwnp,  p.  614. 

*  MUller  (Manttal  of  Phynologyt  B.  iii.  Sect  1,  Chap,  iil)  speaks  of  Dr.  Wil- 
son Philip's  assertion  that  the  nerves  of  the  stomach  bebg  out,  and  a  galvanio 
OTirrent  kept  up  in  them,  digestion  is  still  accomplished.  He  states  that  he  and 
other  physiologists  have  repeated  such  experiments  on  an  eztemive  soale^  and 
have  found  no  effect  of  this  kind 

*  Bridff€wUer  TV.  p.  498 
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iDg  and  Titalisng  the  different  elementaiy  snbfitances.  It  ifi  impoB- 
aUe  to  imagine  that  this  oiganizing  agency  of  the  stomach  can  be 
chamical.    Hub  agency  is  vitalj  and  its  nature  completely  unknown." 


CHAPTER  IV. 

EzAimiAXEOV  OF  TEX  FbOCIBS  or  RXPKODUCTION  IN  AiriMALS  AND 

Plastb^  and  Consequent  Speculations. 

SeeL  1. — Ths  ExanUnaUan  of  the  Process  of  Reproductum  in 

Animals, 

r!  would  not|  perhaps,  be  necessary  to  give  any  more  examples  of 
what  haa  hitherto  been  the  general  process  of  investigations  on 
each  branch  of  physiology ;  or  to  illustrate  further  the  combination 
which  snch  researches  present^  of  certain  with  uncertain  knowledge ; — 
of  solid  discoveries  of  oTgans  and  processes,  succeeded  by  indefinite  and 
doobtfid  speculation  concerning  vital  forces.  But  the  reproduction  of 
oiguuaed  beings  is  not  only  a  subject  of  so  much  interest  as  to  require 
some  notice,  but  also  offers  to  us  laws  and  principles  which  include 
both  the  vegetable  and  the  animal  kingdom ;  and  which,  therefore,  are 
requisite  to  render  intelligible  the  most  general  views  to  which  we  can 
atkun,  respecting  the  world  of  organization. 

The  &cts  and  laws  of  reproduction  were  first  studied  in  detail  in 
jtniwiftlft-  The  subject  appears  to  have  attracted  the  attention  of  some 
of  the  philosophers  of  antiquity  in  an  extraordinary  degree :  and  indeed 
we  may  easily  imagine  that  they  hoped,  by  following  this  path,  if  any, 
to  lolve  the  mystery  of  creation.  Aristotle  appears  to  have  pursued  it 
with  peculiar  complacency ;  and  his  great  work  On  animals  contains^ 
an  extraordinary  collection  of  curious  observations  relative  to  this  sub- 
ject He  had  learnt  the  modes  of  reproduction  of  most  of  the  animals 
with  which  he  was  acquainted  ;  and  his  work  is  still,  as  a  writer  of  our 
own  times  has  said,'  "  original  after  so  many  copies,  and  young  after 
two  thousand  years.''  His  observations  referred  principally  to  the 
eitemal  circumstances  of  generation :  the  anatomical  examination  was 

>  Bourdon,  p.  161.  *Ib.  p.  101. 
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left  to  his  snccesBors.  Without  dweUing  on  the  intennediale  laboi% 
we  come  to  modem  times,  and  find  that  this  examination  owes  ita 
greatest  advance  to  those  who  had  ihe  greatest  share  in  the  diacoiverf 
of  the  circulation  of  the  hlood : — ^Fabricius  of  Acquapendente,  and  Hm^ 
vey.  The  former*  published  a  valuable  work  on  the  £^  and  tka 
Chick.  In  this  are  given,  for  the  first  time,  figures  representing  tbtt 
developemcnt  of  the  chick,  from  its  almost  imperceptible  beginning,  to 
the  moment  when  it  breaks  the  shell.  Harvey  pursued  the  researches 
of  his  teacher.  Charles^  the  First  had  supplied  him  with  the 
of  making  the  experiments  which  his  purpose  required,  by 
a  great  number  of  the  deer  in  Windsor  Park  in  the  state  of  gestation  f 
but  his  principal  researches  were  those  respecting  the  egg,  in  which  lift 
followed  out  the  views  of  Fabricius.  In  the  troubles  which  suoceedfld 
the  death  of  the  unfortunate  Charles  the  house  of  Har\'ey  was  pillaged; 
and  ho  lost  the  whole  of  the  labors  he  had  bestowed  on  the  gcnerayoa 
of  insects.  Ilis  work,  Exercitationes  de  Generatione  Animaiium^  was 
published  at  London  in  1G51 ;  it  is  more  detailed  and  perfect  than 
that  of  Fabricius ;  but  the  author  was  prevented  by  the  unsettled  condi- 
tion of  the  country  from  getting  figures  engraved  to  accompany  his 
descriptions. 

Many  succeeding  anatomists  pursued  the  examination  of  the  series 
of  changes  in  generation,  and  of  the  organs  which  are  concerned  in 
them,  especially  Malpighi,  who  employed  the  microscope  in  this  inves- 
tigation, and  whose  work  on  the  Chick  was  published  in  1673.  It  is 
impossible  to  give  here  any  general  view  of  the  result  of  these  laborioai 
series  of  researches :  but  we  may  obser\  c,  that  they  led  to  an  extremely^ 
minute  and  exact  survey  of  all  the  parts  of  the  foetus,  its  envelopes  and 
appendages,  and,  of  course,  to  a  designation  of  these  by  appropriate 
names.  Tliese  names  afterwards  ser\'ed  to  mark  the  attempts  which 
were  made  to  carry  the  analogy  of  animal  generation  into  the  vegeta- 
ble kingdom. 

There  is  one  generalization  of  Harvey  which  deserves  notice.*  He 
was  led  by  his  researches  to  the  conclusion,  that  all  living  things  may 
be  properly  said  to  come  from  eggs :  "  Omne  vivum  ex  ovo."  Hius 
not  only  do  oviparous  animals  produce  by  means  of  eggs,  but  in  those 
which  are  viviparous,  the  process  of  generation  begins  with  the  deve- 
lopcment  of  a  small  vesicle,  which  comes  from  the  ovary,  and  which 
exists  before  the  embryo :  and  thus  viviparous  or  suckling-beasts,  not- 
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withatandhig  their  name,  are  bom  from  eggs,  as  "well  as  birda,  fishes, 
and  reptiles.'  This  principle  also  excludes  that  supposed  production 
of  organized  beings  without  parents  (of  worms  in  corrupted  matter,  for 
instance,)  which  was  formerly  called  spontaneous  generation  ;  and  the 
best  physiologists  of  modem  times  agree  in  denying  the  reality  of  such 
a  mode  of  generation/ 

Sect.    2. — The  Examination    of   the  Process  of  Reproduction  in 

Vegetables. 

Tarn  extension  of  the  analogies  of  animal  generation  to  the  v^etable 
world  was  fer  from  obvious.  This  extension  was  however  made ; — 
with  reference  to  the  embryo  plant,  principally  by  the  microscopic 
observers,  Nehemiah  Grew,  Marcello  Malpighi,  and  Antony  Leeuwen- 
hoek ; — with  respect  to  the  existence  of  the  sexes,  by  Linnsus  and  his 
predecessors. 

The  microscopic  labors  of  Grew  and  Malpighi  were  patronized  by 
the  Royal  Society  of  London  in  its  earliest  youth.  Grew's  book.  The 
Amttomy  of  Plants^  was  ordered  to  be  printed  in  16*70.  It  contains 
plates  representing  extremely  well  the  process  of  germination  in  various 
seeds^  and  the  author's  observations  exhibit  a  very  clear  conception  of 
the  relation  and  analogies  of  different  portions  of  the  seed.  On  the 
day  on  which  the  copy  of  this  work  was  laid  before  the  Society,  a 
communication  from  Malpighi  of  Bologna,  Anatomes  Plantarum  Idea, 
stated  his  researches,  and  promised  figures  which  should  illustrate 
them.  Both  authors  afterwards  went  on  with  a  long  train  of  valuable 
observations,  which  they  published  at  various  times,  and  which  contain 
much  that  has  since  become  a  permanent  portion  of  the  science. 

Both  Grew  and  Malpighi  were,  as  we  have  remarked,  led  to  apply 
to  vegetable  generation  many  terms  which  imply  an  analogy  with  the 
generation  of  animals.  Thus,  Grew  terms  the  innermost  coat  of  the 
seed,  the  secundine  ;  speaks  of  the  navel-fibres,  &c.  Many  more  such 
tenna  have  been  added  by  other  writers.  And,  as  has  boon  observed 
by  a  modem  physiologist,*  the  resemblance  is  striking.  Both  in  the 
vqpetable  seed  and  in  the  fertilized  animal  egg,  we  have  an  embryo, 
chalaz€R,  h  placenta,  an  umbilical  cord,  a  cicatricula,  an  amnios,  mem- 
branes, nourishing  vessels.  The  cotyledons  of  the  seed  are  the  equiva- 
lent of  the  vitellus  of  birds,  or  of  the  umbilical  vesicle  of  sucking-beasts : 

•  Bourdon,  p  221.  »  lb,  p  49.  'lb.  p  884. 


iLSTOItY  OF   FHYSIOLOGl. 

l^rm  of  the  grain  U  analogous  to  the  tehiie  of  the 

lUantoid  of  viviparous  animals, 

-The  flttnbutioti  of  aeies  to  plants,  h  »  notion 

Iv  adopted  ;  but  only  gradually  onfolded  into  dia- 

Irality.*     The  ancients  were  acquainted  with  the 

Itiibles.     EinpedocJea,  AmtoUeT  Theophrastus,  Pliny, 

|od>  make  mention  of  it;  but  their  notiona  were 

id  the  coijcoption  wae  again  lost  in  the  general  ^i^ 

Inowledij^L'.     A  Latin  poem,  composed  in  the  fifteenth 

Iims  tVjiitanu.*,  the  preceptor  of  Alphonso,  ^^g  ^f 

.  mod  cm  work  in  which  mention  is  made  of  the  sex 

laTiu5r  &jTigs  the  loves  of  two  date-palms,  whicli  grew  at 

I  leagues  from  each  other :  the  male  at  Brundusium^ 

itranto.    TIjc  distance  did  not  prevent  the  female  from 

Ful,  as  soon  as  the  palms  Lad  raised  their  heads  above 

fjL,^  iv\i\i^  ^ii  thfit   nothing  intervened  directly  between 

ptak  with  the  poet,  so  that  they  were  able  to  ace  each 


'  botanist  who  lived  at  the  end  of  the  fifteenth  eentnty, 
j  greater  part  of  the  species  of  plants  arc  andro^nt^,  that 
[properties  of  the  male  and  of  the  female  united  in  th« 
but  that  some  species  have  the  two  seice  in  sepante 
and  he  adduces  a  passage  of  Pliny  relative  to  the  fecun- 
\ic  diite-palm,     John  Bauhin,  in  the  middle  of  the  acven- 
Itnry,  cites  the  eipressiona  of  Zaluzian ;  and  forty  yeai* 
f »te,sr>(jr  of  TulinigcUj  Rudolph  Jacob  Camerariua,  poiated  out 
[Juration,  and  proved  by  experiments  on  the 
igrcury  {mereurialiM^ 
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Upon  thifl,  Geoffiroy,  an  apothecary  at  Paris,  scrutinized  afresh  the 
organs ;  he  eiamined  the  various  forms  of  the  pollen,  already 
by  Grew  and  Malpighi ;  he  pointed  out  the  excretory  canal, 
.  deacenda  through  the  style,  and  the  micropyle^  or  minute  orifice 
m  the  eoata  of  the  ovule,  which  is  opposite  to  the  extremity  of  this 
oad ;  ihongh  he  committed  some  mistakes  with  regard  to  the  nature 
tf  fhe  pollen.  Soon  afterwards,  Sebastian  Yaillant,  the  pupil  of 
Thmaefiirt,  but  the  corrector  of  his  error  on  this  subject,  explained  in 
Ua  pab&c  lectarea  the  phenomenon  of  the  fecundation  of  plants,  de- 
the  explosion  of  the  anthers,  and  showed  that  the  florets  of 
flowers,  though  formed  on  the  type  of  an  androgynous 
,  are  aometimes  male,  sometimes  female,  and  sometimes  neuter. 
Bal  though  the  sexes  of  planta  had  thus  been  noticed,  the  subject 
fcfw  fiff  more  attention  when  Linnsus  made  the  sexual  parts  the 
haaa  of  hia  classification.  Camerarius  and  Burkard  had  already  enter- 
tamed  such  a  thought,  but  it  was  LinnsBus  who  carried  into  efiect,  and 
fltiia  made  the  notion  of  the  sexes  of  vegetables  almost  as  familiar  to 
u  as  that  of  the  sexes  of  animals. 


SkL  Sd — The  Consequent  Speculations. — Hypotheses  of  Generation, 

Tbm  views  of  the  processes  of  generation,  and  of  their  analogies 
duonghout  the  whole  of  the  organic  world,  which  were  thus  esta- 
blished and  diffused,  form  an  important  and  substantial  part  of  our 
physiological  knowledge.  That  a  number  of  curious  but  doubtful 
hypotheses  should  be  put  forward,  for  the  purpose  of  giving  further 
Bgmficance  and  connexion  to  these  discoveries,  was  to  be  expected. 
We  must  content  ourselves  with  speaking  of  these  very  briefly.  We 
have  such  hypotheses  in  the  earliest  antiquity  of  Greece ;  for  as  we 
have  already  said,  the  speculations  of  cosmogony  were  the  source  of 
the  Greek  philosophy ;  and  the  laws  of  generation  appeared  to  offer 
ihe  best  promise  of  knowledge  respecting  the  mystery  of  creation. 
Hippocrates  explained  the  production  of  a  new  animal  by  the  mixture 
ef  seed  of  the  parents ;  and  the  offspring  was  male  or  female  as  the 
seminal  principle  of  the  father  or  of  the  mother  was  the  more  power- 
foL  According  to  Aristotle,  the  mother  supplied  the  matter^  and  the 
tHher  the /orm.  Harvey's  doctrine  was,  that  the  ovary  of  the  female 
is  fertilized  by  a  seminal  contagion  produced  by  the  seed  of  the  male. 
But  an  opinion  which  obtained  far  more  general  reception  was,  that 
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the  embryo  pre-existed  in  the  mother,  before  any  nnion  ai  the  eeiettH 
It  is  casj  to  see  that  this  doctrine  ia  accompanied  with  great  difficah 
ties;"  for  if  the  mother,  at  the  banning  of  life,  contain  in  lier  dMi» 
embiyos  of  all  her  futore  children ;  these  embryoe  again  mnst  < 
l^e  children  which  they  are  capable  of  producing ;  and  so  on  in 
nitely ;  and  thus  each  female  of  each  species  contains  in  herself  Hm 
germs  of  infinite  future  generations.  The  perplexity  which  is  involfeAr 
in  this  notion  of  an  endless  series  of  creatures,  thus  encased  one  within 
another,  has  naturally  driven  inquirers  to  attempt  other  soppositioMi^ 
The  microscopic  researches  of  Leeuwenhoek  and  others  led  them  !•• 
the  belief  that  there  are  certain  animalcules  contained  in  the  aeed  eft 
the  male,  which  are  the  main  agents  in  the  work  of  reprodnetieai 
This  system  ascribes  almost  everything  to  the  male,  as  the  one  hMl 
mentioned  does  to  the  female.  Finally,  we  have  the  system  of  Bni^ 
fon ; — the  £unous  hypothesis  of  organic  moiecuks.  That  philoso{^iflr 
asserted  that  he  found,  by  the  aid  of  the  microscope,  all  nature  full  oC 
moving  globules,  which  he  conceived  to  be,  not  animals  as  Leeuwen- 
hoek imagined,  but  bodies  capable  of  producing,  by  their  combinatioiii 
cither  animals  or  vegetables,  in  short,  all  organized  bodies.  These 
globules  ho  called  organic  molecules,^*  And  if  we  inquire  how  these 
organic  molecules,  proceeding  from  all  parts  of  the  two  parents,  unite 
into  a  whole,  as  perfect  as  either  of  the  progenitors,  Buffon  answers^ 
that  this  is  the  effect  of  the  interior  mould  ;  that  is,  of  a  system  of 
internal  laws  and  tendencies  which  determine  the  form  of  the  result 
as  an  external  mould  determines  the  shape  of  the  cast 

An  admirer  of  Buffon,  who  has  well  shown  the  untenable  character 
of  this  system,  has  urged,  as  a  kind  of  apology  for  the  promulgation  of 
the  hypothesis,"  that  at  the  period  when  its  author  wrote,  he  could 
not  present  his  facts  with  any  hope  of  being  attended  to,  if  he  did  not 
connect  them  by  some  conmion  tie,  some  dominant  idea  which  might 
gratify  the  mind ;  and  that,  acting  under  this  necessity,  he  did  well  to 
substitute  for  the  extant  theories,  already  superannuated  and  confessedly 
imperfect,  conjectures  more  original  and  more  probable.  Without  dis- 
senting fh>m  this  view,  we  may  observe,  that  Buflbn's  theory,  like  those 
which  preceded  it^  is  excusable,  and  even  deserving  of  admiration,  so  fiur 
as  it  groups  the  &cts  consistently ;  because  in  doing  this,  it  exhibits 
the  necessity,  which  the  physiological  speculator  ought  to  feel,  of 
aspiring  to  definite  and  solid  general  principles ;  and  that  thus,  thon^ 
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the  theory  may  not  be  established  as  trae,  it  may  be  useful  by  bringing 
into  Tiew  the  real  nature  and  application  of  such  principles. 

It  isi  therefore,  according  to  our  views,  unphilosophical  to  derive 
deqMiri  instead  of  hope,  from  the  imperfect  success  of  Buffon  and  his 
predecessors.  Yet  this  is  what  is  done  by  the  writer  to  whom  we 
leCsr.  ^  For  me,"  says  he,"  "  I  vow  that,  after  having  long  meditated 
on  the  system  of  Buffon, — a  system  so  remarkable,  so  ingenious,  so 
well  matured,  so  wonderfully  connected  in  all  its  parts^  at  first  sight  so 
pirobable ; — ^I  confess  that,  after  this  long  study,  and  the  researches 
which  it  requires,  I  have  conceived  in  consequence,  a  distrust  of  my- 
■al^  a  skepticism,  a  disdain  of  hypothetical  systems,  a  decided  predilec- 
tkm  and  exclusive  taste  for  pure  and  rational  observation,  in  short,  a 
dUieartening,  which  I  had  never  felt  before." 

The  best  remedy  of  such  feelings  is  to  be  found  in  the  history  of 
adence.  Kepler,  when  ho  had  been  driven  to  reject  the  solid  epicycles 
of  the  ancients,  or  a  person  who  had  admired  Kepler  as  M.  Bourdon 
admires  Buffon,  but  who  saw  that  his  magnetic  virtue  was  an  untena- 
ble fiction,  might,  in  the  same  manner,  have  thrown  up  all  hope  of  a 
sound  theory  of  the  causes  of  the  celestial  motions.  But  astronomers 
were  too  wise  and  too  fortunate  to  yield  to  such  despondency.  The 
predecessors  of  Newton  substituted  a  solid  science  of  Mechanics  for  the 
▼ague  notions  of  Kepler ;  and  the  time  soon  came  when  Newton  him- 
self reduced  the  motions  of  the  heavens  to  a  Law  as  distinctly  con- 
ceived as  the  Motions' had  been  before. 


CHAPTER  V. 

Examination  of  thb  Nervous  System,  and  Consequent 
Speculations. 


Sect,  1. — The  Examination  of  the  Nervous  System, 

r'  is  hardly  necessary  to  illustrate  by  further  examples  the  manner 
in  which  anatomical   observation   has  produced  conjectural  and 
hypothetical  attempts  to  connect  structure  and  action  with  some 
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nciplLS  of  a.  more  peculiarly  physiological  kind.     But  it  may 

stnictive  to  notice  a  case  id  which  the  principle,  which  is 

pght  into  view,  is  far  more  completely  elevated  above  the 

f  matter  and  mechanifim  than  in  those  we  have  yet  con- 

h1  case  where  we  have  not  only  Irritation,  but  Sensation ; — 

LitV,  but  Consciousness  and  WilL     A  part  of  science  in 

gestions  present  themeelves,  brings  us;^  in  a  very  striking 

the  passage  from  the  physical  to  the  hyperphysical  scienoes. 

|vo  se^L-n  already  (chap.  I)  that  Galen  and  his  pr^ecessora  had 

cm  selves  that  the  nerves  are  the  channels  of  perception ;  a 

bich  bad  been  distinctly  taoght  by  Herophilus^  in  the  Alex- 

Icboob    HerophiluB,  however,  still  combined,  nnder  the  com- 

of  Nerves,  the  Tendons;   though  he  distinguished  such 

m  those  which  arise  from  thebrain  and  the  apiDal  marrow, 

fire  subservient  to  the  wilL    In  GaleD*s  time  this  subject 

Iprosiecutcd  more  into  detail*    That  anatomist  has  left  aTrea- 

ssiy  upon  The  Anatomy  of  the  JVm-M  ;  in  which  he  describes 

psive  Fairs  of  Nerves:  thus,  the  First  Pair  are  the  visual 

|nd  we  .''ee,  in  the  language  which  GaJen  usef^,  the  evidence 
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tf  ie  bnin  upon  the  nerves  of  the  opposite  side.  Willis  proved  also 
itf  Ae  Mete  Mirabilej  the  remarkable  net-work  of  arteries  at  the 
Iteof  the  brain,  observed  by  the  ancients  in  mminating  animals,  does 
fli  enst  in  man.  He  described  the  different  Pairs  of  Nerves  with 
men  cue  than  his  predecessors ;  and  his  mode  of  nnmbcring  them  is 
mfkjed  up  to  the  present  time.  He  calls  the  Olfactory  Nerves  the 
i  Fair ;  previously  to  him,  these  were  not  reckoned  a  Pair :  and 
the  optic  nerves  were,  as  we  have  seen,  called  the  first  He 
[  the  Sixth  and  the  Ninth  Pairs,  which  the  anatomists  who  pre- 
[  him  did  not  reckon.  Willis  also  examined  carefully  the  different 
,  or  knots  which  occur  upon  the  nerves.  He  traced  them 
'  they  were  to  be  found,  and  he  gave  a  general  figure  of  what 
€Mer  cmlls  the  nervous  skeletonj  very  superior  to  that  of  Yesalius, 
lUdi  was  coarse  and  inexact  Willis  also  made  various  efforts  to 
Ikem  the  connexion  of  the  parts  of  the  brain.  In  the  earlier  periods 
tf  anatomy,  the  brain  had  been  examined  by  slicing  it,  so  as  to  obtain 
a  leetkm.  Yarolius  endeavored  to  unravel  it,  and  was  followed  by 
"WiSb.  Vicq  d'Azyr,  in  modem  times,  has  carried  the  method  of  sec- 
tion to  greater  perfection  than  had  before  been  given  it ;  *  as  Yieussens 
nd  Gall  have  done  with  respect  to  the  method  of  Yarolius  and  Willis. 
Recently  Professor  Chaussier'  makes  three  kinds  of  Nerves: — the 
Maeepkaiiej  which  proceed  from  the  head,  and  are  twelve  on  each  side ; 
—the  Raehidiariy  which  proceed  from  the  spinal  marrow,  and  are 
tidrly  on  each  side; — and  Compound  Nerves,  among  which  is  the 
Sreat  Sympaiketie  Nerve. 

One  of  the  most  important  steps  ever  made  in  our  knowledge  of 
die  nerves  is,  the  distinction  which  Bichat  is  supposed  to  have  csta- 
Uidied,  of  a  ganglumic  Bystem,  and  a  cerebral  system.  And  we  may 
add,  to  the  discoveries  in  nervous  anatomy,  the  remarkable  one,  made 
in  our  own  time,  that  the  two  offices — of  conducting  the  motive  im- 
prearions  from  the  central  seat  of  the  will  to  the  muscles,  and  of  pro- 
pagating sensations  from  the  surface  of  the  body  and  the  external 
organs  of  sense  to  the  sentient  mind — reside  in  two  distinct  portions 
of  the  nervous  substance: — a  discovery  which  has  been  declared*  to 
he  **  doabtless  the  most  important  accession  to  physiological  (anatomi- 
cal) knowledge  since  the  time  of  Harvey."  This  doctrine  was  first 
pablished  and  taught  by  Sir  Charles  Bell :  after  an  interval  of  some 


*  Cot.  p.  4a  *  BieL  8c.  Nat  zzxv.  467. 
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yearsy  it  was  more  distinctiy  deliTeied  in  the  publicatioiifi  of  Mr. 
Shaw,  Sir  C.  Bellas  papiL  Soon  afterwards  it  was  farther  conft 
and  some  part  of  the  evidence  corrected,  by  Mr.  Mayo,  another 
of  Sir  C.  Bell,  and  by  M.  Majendie.' 

Sect,  2. — The  Connquent  Speculations,    ffypotheses  respecting 
Sensatwnj  and  Volition, 

I  SHALL  not  attempt  to  explain  the  details  of  these  anatomical  h 
gations ;  and  I  shall  speak  very  briefly  of  the  speculations  whidi 
been  suggested  by  the  obvious  subservience  of  the  nerves  to  lit 
sation,  and  volition.  Some  general  inferences  from  their  distril 
were  sufficiently  obvious ;  as,  that  the  seat  of  sensation  and  volil 
in  the  brain.  Galon  begins  his  work,  On  the  Anatomy  of  the  li 
thus :  ^^  That  none  of  the  members  of  the  animal  either  es 
voluntary  motion,  or  receives  sensation,  and  that  if  the  nerve  I 
the  part  immediately  becomes  inert  and  insensible,  is  acknowl 
by  all  physicians.  But  that  the  origin  of  the  nerves  is  partly  fro 
brain,  and  partly  from  the  spinal  marrow,  I  proceed  to  expUdn." 
in  his  work  On  the  Doctrines  of  Plato  and  Hippocrates^  he  pic 


'  As  authority  for  the  ezpressioiiB  which  I  have  now  used  in  the  text 
mention  MOller'B  Manual  ofPhyHology  (4th  edition,  1844).  In  Book  i 
tion  2y  Chap.  I,  "  On  the  Nerves  of  Sensation  and  Motion/'  Mullcr  says^ ' 
lee  Bell  was  the  first  who  had  the  ingenious  thought  that  the  posterior  r 
the  nerves  of  the  spine — ^thoee  which  are  furnished  with  a  ganglion—^ 
sensation  only ;  that  the  anterior  roots  are  appointed  for  motion ;  and  tl 
primitive  fibres  of  these  roots,  after  being  united  in  a  single  nervous  oo 
mingled  together  in  order  to  supply  the  wants  of  the  sldn  and  muscU 
developed  this  idea  in  a  little  work  (An  Idea  of  a  new  Anatomy  of  the 
London,  1811),  which  was  not  intended  to  travel  beyond  the  circle 
friends."  Miiller  goes  on  to  say,  that  eleven  years  later,  Majendie  pros 
the  same  theory.  But  Mr.  Alexander  Shaw,  in  1889,  published  A  N^ctrru 
the  DUooverie9  of  Sir  Charles  Bell  in  the  Nervoua  System,  in  which  it  a 
that  Sir  Charies  Bell  had  farther  expounded  his  views  in  his  lectures  to  ] 
pils  (p  89),  and  that  one  of  these,  Mr.  John  Shaw,  had  in  various  pubUs 
in  1821  and  1822,  further  insisted  upon  the  same  views ;  especially  in  a  It 
On  Partial  ParalyHa  (p.  75).  MM.  Mayo  and  Majendie  both  publishc 
moirs  in  August,  1822 ;  and  these  and  subsequent  works  confirmed  the  d( 
of  BelL  Mr.  Alexander  Shaw  states  (p  97),  that  a  mistake  of  Sir  C 
Bell's,  in  an  experiment  which  he  had  made  to  prove  his  doctrine,  was 
vered  through  the  joint  labors  of  M.  Mijendie  and  Mr.  Maya 
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gieat  length*  that  the  brain  is  the  origin  of  sensation  and  nioti<Hiy 
refiitiiig  the  opinions  of  earlier  days,  as  that  of  Ghrysippos,^*  who 
jdaced  the  hegemmUc^  or  master-principle  of  the  soul,  in  the  heart 
But  though  Galen  thought  that  the  rational  soul  resides  in  the  brain, 
he  was  disposed  to  agree  with  the  poets  and  philosophers,  according 
to  whom  the  heart  is  the  seat  of  courage  and  anger,  and  the  liver  the 
seat  of  lo?e."  The  faculties  of  the  soul  were  by  succeeding  physiolo- 
gists confined  to  the  brain ;  but  the  disposition  still  showed  itself^  to 
attribute  to  them  distinct  localities.  Thus  Willis"  places  the  imagi- 
Bation  in  the  corpus  ealhsumj  the  memory  in  the  folds  of  the  herni- 
tpktntf  the  perception  in  the  corpus  striatum.  In  more  recent  times, 
a  gyatem  founded  upon  a  similar  view  has  been  further  developed  by 
Gall  and  his  followers.  The  germ  of  GalPs  system  may  be  considered 
aa  contained  in  that  of  Willis ;  for  Gall  represents  the  hemispheres  as 
the  folds  of  a  great  membrane  which  is  capable  of  being  unwrapped 
and  qpread  out,  and  places  the  different  faculties  of  man  in  the 
£ierent  i^ons  of  this  membrane.  The  chasm  which  intervenes 
between  matter  and  ihodon  on  the  one  side,  and  thought  and  feeling 
on  the  other,  is  brought  into  view  by  all  such  systems ;  but  none  of 
the  hypotheses  which  they  involve  can  effectually  bridge  it  over. 

The  same  observation  may  be  made  respecting  the  attempts  to 
explain  the  manner  in  which  the  nerves  operate  as  the  instruments  of 
aenaation  and  volition.  Perhaps  a  real  step  was  made  by  Glisson," 
profeasor  of  medicine  in  the  University  of  Cambridge,  who  dis- 
tingaished  in  the  fibres  of  the  muscles  of  motion  a  peculiar  property, 
different  from  any  merely  mechanical  or  physical  action.  His  work 
0»  tk§  Nature  of  the  Energetic  SubstancCj  or  on  the  Life  of  Nature 
and  of  its  Three  First  Faculties^  The  Perceptive^  Appetitive^  and 
Motive^  which  was  published  in  1672,  is  rather  metaphysical  than 
phyaiological.  But  the  principles  which  he  establishes  in  this  treatise 
he  iq^lies  more  specially  to  physiology  in  a  treatise  On  the  Stomach 
emd  Iniesiines  (Amsterdam,  1677).  In  this  he  ascribes  to  the  fibres 
of  the  animal  body  a  peculiar  power  which  he  calls  Irritability.  He 
dividea  irritaHon  into  natural,  vital,  and  animal ;  and  he  points  out, 
ihoii(^  briefly,  the  gradual  dififerences  of  irritability  in  different 
oigana.    "It  is  hardly  comprehensible,'*  says  Sprengel,"  "how  this 


•  lab,  vii  *  lib.  ill  c  1. 
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excellent  notion  of  the  C«mbridge  teacher  wa*  not  acc^pit^d 
ter  alftcritj,  and  further  unfoldod  by  his  contemporaries,"^    It 

!vcT,  since  been  nniversally  adopted* 

rmgh  the  diflcrimination  of  moscnlAr  irriUbility  aa  a  pecuJiar 
j^lit  be  rk  useful  step  in  physioIog7(ial  research,  the  explanaiioiu 
offered,  of  the  way  in  vhich  the  nerves  ope  rate  on  this  irritft- 
1  discharge  their  other  offices,  present  only  a  fiories  of  hypo- 
jlisjion^*  assumed  the  existence  of  certain  vital  spirit*,  which, 
to  him,  are  a  mild,  sweet  fluid,  rcsembUng  the  spirituous  part 
>f  efrs:,  and  residing  in  the  nerxi^,— This  hypoUieais,  of  a  very 
imor  or  spirit  existing  in  the  nerves,  waa  indeed  very  early 
"      This  nervous  spirit  had  been  compared  to  air  by  Eraati^ 
«;lepiades,  Galen,  atid  others,     Tlie  chemicftl  tendencies  of  the 
th  century  led  to  it*  being  deacribod  aa  acid,  sulphnreout  or 
At  the  end  of  that  ccntory,  the  hypothesis  of  an  ether  attra<?ted 
100  n.s  a  means  of  fl;ccounting  for  many  phenomena ;  and  thit 
\  identified  ivith  the  nervous  fluid.      Newton  himeelf  inclines 
lew,  in  the  remarkable  Queries  which  are  annexed  to  hi« 
After  a.s<^nbing  matiy  physical  effects  to  his  ctber,  he  adds 

\ 


itlartrtdlte<lw«d«to<iwpiiyrialoghJyttoe^ 
iDTolfad;  fer  this  prindple  otmiot  be  meblupiiQa],  dienodoil^  €r 
•Bd  dMNfere  eumot  be  better  imdentood  b^  embodTiag  it 
;  AedifllcaMjwehftTeinocmeaTiiigwhattlMnio^^ 
gel  rid  of  b^  eiplaimng  the  maehinerf  b^  wUA  It  kmenlf 
Ib  tmdng  the  {Aenomeiui  of  eensatioB  and  ToHtioB  to 
H  ii  deer  that  we  most  call  in  some  peculiar  and  hyper* 
prineiplei    The  h  jpotheeiB  of  a  fluid  ia  not  made  mon  Mtb^ 
Ij  attennating  the  ilnid ;  it  beconieB  sabtte,  ^iritaoa%^i^^ 

to  BO  pmpoae;  it  moat  cease  to  be  a  fluid,  beMo  ita 

become  eaMataon  and  Tolitkni.     IMi^  indeed^  ia  adbiowb 

flj^ndiiphyrfcdogiatB;  and  strongly  stated  by <^  ^ThO 

of  eitenial  objects  npon  the  MXy  the  piodQctionof»a6M»* 

B  imag^  is  a  mystery  impenetmUe  fer  ow  thoogfats.'*  'AM 

'^Biiesi  by  the  use  of  thn  pecoKarphraae,  ^Om  mB^^^kimfij^ 

and  Tolent  -fhcnlty,  he  marks,  with  peoDHar  a|ipiq|tt*' 

aaid  force,  that  phraaeology  borrowed  from  the  worid  of  matter 

aia  aabjeet,  no  longer  answer  our  purpose.    We  have  bere  to 

Koona  to  Bronomia,  from  Things  to  Persons.     We  pass  from 

iFBbdj  to  the  SobI,  from  Physics  to  Metaphysics.    We  are  come  to 


Em 


of  material  philosophy;  the  next  step  is  into  the  domaiB 
tf  Bwaii^t  and  Mind  Here,  therefore,  we  begin  to  feel  that  we  luife 
the  bonndaries  of  onr  present  snbject.  Hie  examination  of 
which  lies  beyond  them  mnst  bo  reserved  for  a  philosophy  of 
land,  and  for  the  labors  of  the  fatare ;  if  we  are  ever  enabled 
%iBiabin  the  attempt  to  extend  into  that  loftier  and  wider  scene,  the 
which  we  gather  on  the  ground  we  are  now  laboriously 


Soeli  qMCulations  as  I  have  quoted  respecting  the  nervous  fluid,  pro- 
nendliifl  from  some  of  the  greatest  philosophers  who  ever  lived,  prove 
only  that  hitherto  the  endeavor  to  comprehend  the  mystery  of  percep- 
tisB  and  will,  of  life  and  thought,  have  been  fruitless  and  vain.  Many 
anatomiral  tmths  have  been  discovered,  but,  so  fer  as  our  survey  has 
yet  gone^  no  genuine  physiological  principle.  All  the  trains  of  physioio- 
gieal  reaearch  which  we  have  followed  have  begun  in  exact  examination 
ef  ofganisation  and  fenction,  and  have  ended  in  wide  eoiijeetBvea  and 
Sfbitrary  hypotheses.  The  stream  of  knowledge  ia  aD-aa 
■  *  • 

*  Rign$  AnimtO,  hitrod  p.  4t. 
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lively  at  its  outBct ;  bot^  ittsleftd  of  reaching  tho  gnM.  occoa 
neral  tniiba  of  BcicDce,  it  ia  gjraduallj  Ap^cad  abroad  atnot^ 
I  deaerbe  till  iu  course  can  b«  traoed  no  loi^ger, 
tot  therefore,  we  mufit  consider  tba^t  we  L^ve  liad  to  toll  th« 
ho  failures  of  phyaiologicai  specdation.  But  of  lato  Ut«ro 
e  into  view  and  use  among  pby)>)olo^»td  certain  priudplm 
^y  be conaidered  aapeoolm  to orgaaized subjects;  oudijfwkloh 
dnction  forms  a  real  advance  in  orgaiiical  sdenoc  Huwkgh 
e  hitherto  been  very  impcEfoctly  dorcloped,  wa  muatiatidatvor 
,  io  some  raeoaure,  their  history  and  bL^rmg. 
id.]  [In  order  to  Jihow  that  1  aui  uot  unawara  how  iicpififea 
h  given  in  this  work  b,  aa  a  History  of  Phyaicilogy,  1  nujf 
the  further  discuttioiu  od  theao  sabjecla  contained  m  the 
h}f  of  t/ie  Indiiciivt  S^iencsSy  Book  ii,  1  have  tbera  (Ckiip^ 
4  the  successive  Bi^OffUai  Mypothcui  of  the  ilytfuftl,lbe 
nical,  and  latromftthomatic&l  SchooU,  the  VitaI*Flind  SchooV 
Psychical  School.  I  have  (Ohap&  iii^  iv«^  v^)  examined  oerecsl 
empts  which  have  been  niade  to  analyse  the  Idea  of  Li£c^  to 
^ital  Functions^  and  to  form  Ideaa  of  Separate  Vital  Fiwaa;^ 
>i]isidered  in  particular,  the  attempts  to  form  a  diatinclc 
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dear  and  connected  code  of  such  laws,  we  may  refer  to  one  law,  at 
leait,  which  appean  to  be  of  genmne  authority  and  validity ;  and  which 
18  worthy  oar  attention  as  an  example  of  a  properly  oxganical  or  phy* 
•iological  principle,  distinct  from  all  mechanical,  chemical,  or  other 
physical  Ibroes;  and  sach  as  cannot  even  he  conceived  to  be  leaolvahle 
into  thoee.  I  speak  of  the  tendency  which  produces  such  results 
as  have  been  brought  together  in  recent  speculations  upon  JTor- 

It  may  perhaps  be  regarded  as  indicating  how  peculiar  are  the  prin- 
ciples of  organic  life,  and  how  &r  removed  from  any  mere  mechanical 
aetkm,  that  the  leading  idea  in  these  speculations  was  first  strongly 
and  effectively  apprehended,  not  by  a  laborious  experimenter  and  rea- 
toner,  but  by  a  man  of  singularly  brilliant  and  creative  fimcy ;  not  by 
a  mathematician  or  chemist,  but  by  a  poet  And  we  may  add  further, 
that  this  poet  had  already  shown  himself  incapable  of  rightly  appre* 
bending  the  relation  of  physical  facts  to  their  principles;  and  had,  in 
trying  his  powers  on  such  subjects,  exhibited  a  signal  instance  of  the 
ineffiBCtoal  and  perverse  operation  of  the  method  of  philosophizing  to 
which  the  constitution  of  his  mind  led  him.  The  person  of  whom  we 
speak^  is  John  Wol%ang  Gothe,  who  is  held,  by  the  unanimous  voice 
of  Europe,  to  have  been  one  of  the  greatest  poets  of  our  own,  or  of  any 
time,  and  whose  Doctrine  of  Colors  we  have  already  had  to  describe, 
in  the  History  of  Optics,  as  an  entire  &ilure.  Tet  his  views  on  the 
laws  which  connect  the  forms  of  plants  into  one  simple  system,  have 
been  generally  accepted  and  followed  up.  We  might  almost  be  led  to 
think  that  this  writer's  poetical  endowments  had  contributed  to  this 
scientific  discovery ; — the  love  of  beauty  of  form,  by  fixing  the  attention 
upon  the  synmietry  of  plants ;  and  the  creative  habit  of  thought,  by 
making  constant  dcvelopement  of  a  flEuniliar  process.^ 


'  We  may  qaote  some  of  the  poet's  own  yenes  as  an  iUnstration  of  his  feel- 
ings on  this  nibjeet    They  are  addreaeed  to  a  lady. 

Dieh  verwiiret,  geliehte,  die  tansendlaltige  misohung 

DieMs  blamengewfihlB  Qber  dem  garten  nmher ; 
Viflle  namen  hOrest  do  an,  nnd  inuner  yerdriinget, 

Mit  barbariaohem  klang,  einer  den  andern  im  ohr. 
Alle  geetalten  aind  &blich  nnd  keine  gleichet  der  andern ; 

Und  lo  dentet  das  chor  anf  ein  geheimea  geeeta, 
Anf  ein  heiligea  rfithaeL    0 !  konnte  ich  dich,  llebliche  fk^nndinn, 

IJeberiiefeni  lo  gleieh  glacUieh  das  losende  wort 
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oDgh  wc  cannot  but  remark  the  peculJarity  of  our  beiog 
:o  a  poet  for  the  discovery  of  a  scientiJic  principle,  wo  musi 

that  he  himself  bcld^  that  in  making  Uiis  tt^jp,  he  had  been 
ot  hy  his  invention^  but  by  observation.  He  repelled,  witt 
spu^iinoe,  the  notion  that  he  had  substituted  fancy  for  fact^ 
d  ideal  laws  on  aetua]  things.     While  he  was  earnestly  pur^ 

niorpholo^cal  speculations,  he  attempted  to  iropre^  ihom 
llor,  **I  expounded  to  him,  in  as  lively  a  manner  as  poBsi- 
jctamorphosia  of  plants  drawing  on  paper,  with  many  cha- 

stroke&,  a  symbolic  plant  before  hia  ejea.  He  heard  me,** 
s,'  *'with  much  interest  and  distinct  coinprehen&ion ;  but 
ad  done,  he  shook  his  head,  and  said,  'That  is  Dot  Expe- 
\At  is  an  Idea  f  1  stopt  with  some  degree  of  irritation ;  fo? 

which  wparatcd  us  waa  marked  most  luminously  by  this 
;'  And  in  the  same  work  he  rel^tea  hia  botanical  studies 
ibit  of  observation,  from  which  it  is  easily  seen  that  no  com- 
int  of  knowledge  and  notice  of  details,  were  involved  in  the 
thought  \vhich  led  him  to  the  principle  of  the  Metamorphosw 

^^tat^hj^iistor^o^hj^mciple^^ 
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^  the  memben  of  each  of  these  whork  are  in  their  nature  identical, 
m4  the  same  as  if  they  were  whorls  of  ordinary  leaves,  brought 
l^pther  by  the  shortening  their  common  axis,  and  modified  in  fonu 
If  the  mccesaive  elaboration  of  their  nutriment  Further,  according 
|l  Ads  ynew,  a  whorl  of  leaves  itself  is  to  be  considered  as  identical  with 
MBnl  detached  leaves  dispersed  spirally  along  the  axis,  and  brought 
tfgftiner  becanae  the  axis  is  shortened.  Thus  all  the  parts  of  a  plant 
91^  or  at  least  represent,  the  successive  metamorphoses  of  the  same 
ihpieiitazy  member.  The  root-leaves  thus  pass  into  the  common 
Imres; — ^these  into  bracte® ; — these  into  the  sepals; — these  into  the 
imdi ; — ^these  into  the  stamens  with  their  anthers ; — these  into  the 
Willis  wiih  their  styles  and  stigmas ; — these  ultimately  become  the 
Int;  and  thus  we  are  finally  led  to  the  seed  of  a  new  plant 
.  lloreoTer  the  same  notion  of  metamorphosis  may  be  applied  to 
•lylaiii  the  existence  of  flowers  which  are  not  symmetrical  like  those 
wt  have  just  referred  to,  but  which  have  an  irregular  corolla  or  calyx. 
Iks  papilionaceous  flower  of  the  pea  tribe,  which  is  so  markedly  irre- 
gilir,  may  be  deduced  by  easy  gradations  from  the  regular  flower, 
(diroogh  the  fntmoMor,)  by  expanding  one  petal,  joining  one  or  two 
olhen,  and  modifying  the  form  of  the  intermediate  ones. 

Without  attempting  to  go  into  detail  respecting  the  proofs  of  that 
ilc&taty  of  all  the  different  organs,  and  all  the  different  forms  of  plants, 
which  is  thus  asserted,  we  may  observe,  tliat  it  rests  on  such  grounds 
as  these ; — ^the  transformations  which  the  parts  of  flowers  undergo  by 
accidents  of  nutriment  or  exposure.  Such  changes,  considered  as  mon- 
Mnsities  where  they  are  very  remarkable,  show  the  tendencies  and 
poaaibilitics  belonging  to  the  organization  in  which  they  occur.  For 
instance,  the  single  wild-rose,  by  culture,  transfonns  many  of  its  nume- 
icua  stamens  into  petals,  and  thus  acquires  the  deeply  folded  flower 
of  the  double  garden-rose.  We  cannot  doubt  of  the  reality  of  this 
change,  for  we  oilcn  see  stamens  in  which  it  is  incomplete.  In  other 
cases  we  find  petals  becoming  leaves,  and  a  branch  growing  out  of  the 
centre  of  the  flower.  Some  pear-trees,  when  in  blossom,  are  remark- 
able for  their  tendencies  to  such  monstrosities.'  Again,  we  find  that 
flowers  which  are  usually  irregular,  occasionally  become  regular,  and 
conversely.  The  common  snap-dragon  (lAnaria  vulgaris)  afibrds  a 
curious  instance  of  this.^  The  usual  form  of  this  plant  is  ""  personate,** 
the  corolla  being  divided  into  two  lobes,  which  difier  in  form,  and 


>  Lindley,  Nat,  8^tt,  p  84.  *  Ilenslow,  Frinciplei  o/Boianjf,  p^  116L 
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together  present  somewhat  the  appearance  of  an  animal's  £ac6  ;  and    J 
the  upper  portion  of  the  corolla  is  j^onged  backwards  into  a  tob^    i 
like  ''spur.''    No  flower  can  be  more  irregolar;  but  there  is  a  singdvi  \ 
variety  of  this  pUint,  termed  Felaria^  in  which  the  corolla  is  atriel^    i 
synunetrica],  consisting  of  a  conical  tabe,  narrowed  in  front,  elongptol.    i 
behind  into  five  eqnal  spurs,  and  containing  five  stamens  of  eqfaal 
length,  instead  of  the  two  unequal  pairs  of  the  didynamous  linawa  , 
These  and  the  like  appearances  show  that  there  is  in  nature  a  capacilgr 
for,  and  tendency  to,  such  changes  as  the  doctrine  of  metamorphoA: 
asserts.  " 

Gdthc's  Metamorphosis  of  Plants  was  published  1790 :  and  hn  ifisT 
tem  was  the  result  of  his  own  independent  course  of  thought.  IWt 
view  which  it  involved  was  not,  however,  absolutely  new,  though  it 
never  before  been  unfolded  in  so  distinct  and  persuasive  a 
Linnffius  considered  the  leaves,  calyx,  corolla,  stamens,  each  as  evoiva4: 
in  succession  from  the  other ;  and  spoke  of  it  as  prolepsis  or  onHe^i^ 
iion^  when  the  leaves  changed  accidentally  into  bractesd,  these  into  a 
calyx,  this  into  a  corolla,  the  corolla  into  stamens,  or  these  into  the 
pistil.  And  Caspar  Wolf  apprehended  in  a  more  general  manner  the 
same  principle.  **  In  the  whole  plant,"  says  he,  *  "  we  see  nothing  hot 
leaves  and  stalk ;"  and  in  order  to  prove  what  is  the  situation  of  the 
leaves  in  all  their  later  forms,  ho  adduces  the  cotyledons  as  the  fint 
leaves. 

Gothe  was  led  to  his  system  on  this  subject  by  his  general  views  of 
nature.  He  saw,  he  says,^  that  a  whole  life  of  talent  and  labor  was 
requisite  to  enable  any  one  to  arrange  the  infinitely  copious  oiganic 
forms  of  a  single  kingdom  of  nature.  ^  Yet  I  felt,''  he  adds,  "  that  lor 
me  there  must  be  another  way,  analogous  to  the  rest  of  my  habits. 
The  appearance  of  the  changes,  round  and  round,  of  organic  creatora 
had  tiJcen  strong  hold  on  my  mind.  Imagination  and  Nature  appeared 
to  me  to  vie  with  each  other  which  could  go  on  most  boldly  yet  most 
consistently."  His  observation  of  nature,  directed  by  such  a  thoo§^t, 
led  him  to  the  doctrine  of  the  metamorphosis. 

In  a  later  republication  of  his  work  (Zur  Morphologies  1817,)  he 
gives  a  very  agreeable  account  of  the  various  circumstances  which 
affected  the  reception  and  progress  of  his  doctrine.    Willdenow'  quoted 
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him  thus : — ^  The  life  of  plants  is,  as  Mr.  Gothe  very  prettily  says,  an 
eipaDiion  and  contraction,  and  these  alternations  make  the  Varions 
periods  of  life."  **  This  ^prettily,'  "^  says  Gothe,  <*  I  can  be  well  content 
with,  hut  the  '  epre^ie^  of  TJsteri  is  much  more  pretty  and  obliging.** 
Usteri  had  nsed  this  term  respecting  GOthe  in  an  edition  of  Jnssien. 

The  application  of  the  notion  of  metamorphosis  to  the  explanation 
of  doable  and  monstrous  flowers  had  been  made  previously  by  Jussieu. 

Qdthe's  merit  was,  to  have  referred  to  it  the  regular  formation  of 
the  flower.  And  as  Sprengel  justly  says,*  his  view  had  so  profound  a 
meaning,  made  so  strong  an  appeal  by  its  simplicity,  and  was  so  fruit- 
fill  in  the  most  valuable  consequences,  that  it  was  not  to  be  wondered 
ti  if  it  occasioned  further  examination  of  the  subject ;  although  many 
pnwDi  pretend  to  slight  it  The  task  of  confirming  and  verifying  the 
doctrine  by  a  general  application  of  it  to  all  cases, — a  labor  so  impor- 
tnt  and  necessary  after  the  promulgation  of  any  great  principle, — 
G<tthe  himself  did  not  execute.  At  first  he  collected  specimens  and 
made  drawings  with  some  such  view,^*  but  he  was  interrupted  and 
diverted  to  other  matters.  ^  And  now,"  says  he,  in  his  later  publica^ 
tion,  '^when  I  look  back  on  this  undertaking,  it  is  easy  to  see  that  the 
object  which  I  had  before  my  eyes  was,  for  me,  in  my  position,  with 
my  habits  and  mode  of  thinking,  unattainable.  For  it  was  no  less  than 
this :  that  I  was  to  take  that  which  I  had  stated  in  general,  and  pre- 
sented to  the  conception,  to  the  mental  intuition,  in  words ;  and  that 
I  should,  in  a  particularly  visible,  orderly,  and  gradual  manner,  present 
it  to  the  eye ;  so  as  to  show  to  the  outward  sense  that  out  of  the  germ 
of  this  idea  might  grow  a  tree  of  physiology  fit  to  overshadow  the 
worid." 

Yoigt^  professor  at  Jena,  was  one  of  the  first  who  adopted  Gdthe's 
into  an  dementary  work,  which  he  did  in  1808.  Other  bota- 
labored  in  the  direction  which  bad  thus  been  pointed  out  Of 
those  who  have  thus  contributed  to  the  establishment  and  develope- 
moQt  of  the  metamorphic  doctrine.  Professor  Be  Candolle,  of  Geneva, 
is  perhaps  the  most  important  His  Theory  of  Developement  rests 
iqKm  two  main  principles,  abortion  and  adhesion.  By  considering 
some  parts  as  d^nerated  or  absent  through  the  abortion  of  the  buds 
which  might  have  formed  them,  and  other  parts  as  adhering  together, 
he  holds  that  all  plants  may  be  reduced  to  perfect  symmetry :  and 
the  actoal  and  constant  occurrence  of  such  incidents  is  shown  beyond 
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all  doubt.    And  thus  the  Bnap-dngon,  of  which  we  haire  ipolMi  i 

above,  is  derived  from  the  Peloria,  which  is  the  nonoal  eonditkm^  i 

the  flower,  by  the  abortion  of  one  stamen,  and  the  degeneiatioii  el  i 

two  others.    Sach  examples  are  too  nmnerons  to  need  to  be  dwelt  ob;  i 

Sect  2. — Application  of  Vegetable  Morphology. 

The  doctrine,  being  thus  folly  established,  has  been  applied  to  solve 
different  problems  in  botany ;  for  instance,  to  explain  the  stnicUire  of 
flowers  which  appear  at  first  sight  to  deviate  widely  from  the  nsod 
forms  of  the  vegetable  world.  We  have  an  instance  of  such  an  appB-  t 
cation  in  Mr.  Robert  Brown's  explanation  of  the  real  stmctnre  of  vsii- 
ons  plants  which  had  been  entirely  misunderstood :  as,  for  example, 
the  genus  Euphorbia,  In  this  plant  he  showed  that  what  had  been 
held  to  be  a  jointed  filament,  was  a  pedicel  with  a  filament  above  it, 
the  intermediate  corolla  having  evanesced.  In  Orchidece  (the  orchis 
tribe),  he  showed  that  the  peculiar  structure  of  the  plant  arose  from 
its  having  six  stamens  (two  sets  of  three  each),  of  which  five  tut 
usually  abortive.  In  Coni/eroB  (the  cone-bearing  trees),  it  was  made 
to  appear  that  the  seed  was  naJced,  while  the  accompanying  appen- 
dage, corresponding  to  a  seed-vessel,  assumed  all  forms,  from  a  com- 
plete leaf  to  a  mere  scale.  In  like  manner  it  was  proved  that  the  ] 
pappus,  or  down  of  composite  plants  (as  thistles),  is  a  transformed  i 
calyx. 

Along  with  this  successful  application  of  a  profound  principle,  it 
was  natural  that  other  botanistB  ^ould  make  similar  attempts.  Thus 
Mr.  Lindley  was  led  to  take  a  view"  of  the  structure  of  Reseda 
(mignonette)  different  from  that  usually  entertained;  which,  when 
published,  attracted  a  good  deal  of  attention,  and  gained  some  con- 
verts among  the  botanists  of  Germany  and  France.  But  in  188S,  Mr. 
Lindley  says,  with  great  candor,  **  Lately,  Professor  Henslow  has  satis- 
fik^rily  proved,  in  part  by  the  aid  of  a  monstrosity  in  the  common 
Mignonette,  in  part  by  a  severe  application  of  morphological  rules, 
that  my  hypothesis  must  necessarily  be  false."  Such  an  agreement 
of  different  botanists  respecting  the  consequences  of  morphological 
rules,  proves  the  reality  and  universality  of  the  rules. 

We  find,  therefore,  that  a  principle  which  we  may  call  the  Prinei- 
pU  of  Ikveloped  and  Metamorphosed  Symmetry,  is  firmly  established 
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and  ieo(^g]i]ied9  and  fiuniliarly  and  saccesBfully  applied  by  botanista.. 
And  it  will  be  apparent^  on  reflection,  that  though  symmetry  is  a  no- 
tion which  a]^68  to  inorganic  as  well  as  to  oiganio  things,  and  is^  in 
k(B^  a  conception  of  certain  relations  of  space  and  position,  such  de- 
vdopemetU  and  metam/orphom  as  are  here  spoken  o(  are  ideas  entirely 
diflbient  from  any  of  those  to  which  the  physical  sciences  have  led  ns 
in  onr  previous  survey ;  and  are,  in  short,  genuine  organkal  or  physi- 
ologieal  ideas ; — ^real  elements  of  the  philosophy  of  Itfe. 

We  must,  however  imperfectly,  endeavor  to  trace  the  ap^dication  of 
this  idea  in  the  other  great  department  of  the  world  of  life ;  we  must 
fcUow  the  history  of  Animal  Morphology. 


CHAPTER  Vn. 
Proorsss  of  AiaifAL  Morpholoot. 


8tct,  1. — RUe  of  Comparative  Anatomy, 

rnUE  most  general  and  constant  relations  of  the  form  of  the  organs, 
-L  both  in  plants  and  animals,  are  the  most  natural  grounds  of  classi- 
fication. Hence  the  first  scientific  classifications  of  animals  are  the 
firsi  steps  in  animal  morphology.  At  first,  a  zoology  was  constructed 
fay  arranging  animals,  as  plants  were  at  first  arranged,  according  to 
thdr  external  parts.  But  in  the  course  of  the  researches  of  the  anato- 
mistB  of  the  seventeenth  century,  it  was  seen  that  the  internal  structure 
of  animals  offered  resemblances  and  transitions  of  a  far  more  coherent 
aid  philosophical  kind,  and  the  Science  of  Comparative  Anatomy  rose 
into  £svor  and  importance.  Among  the  main  cultivators  of  this 
ioieiioe^  at  the  period  just  mentioned,  we  find  Francis  Redi,  of  Areaso ; 
Gnichaid-Joaeph  Duvemay,  who  was  for  sixty  years  Professor  of  Ana- 
tomy at  the  Jardin  da  Boi  at  Paris,  and  during  this  lapse  of  time  had 
ior  hia  pnpik  almost  all  the  greatest  anatomists  of  the  greater  part  of 
die  eighteenth  century;  Nehemiah  Qrew,  secretary  to  the  Royal  So- 
ciety of  London,  whose  Anatomy  of  Plants  we  have  already  noticed. 
But  Comparative  Anatomy,  which  had  been  cultivated  with  ardoi 
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to  tho  end  of  the  flevcntcenth  centarr.  v«l  in  vsma  juhilliu  aesiiiTiHi 
(liirinf^  tho  firiit  two-thirds  of  the  eigfateesri.    Tli«  ijiij<tLeM  of  bouir 
WM,  </Uvi(!r  Mif^ioiulj  saggestSi*  one  csatc  -jf  -sea:  dor  mac  «em 
had  made  it8  advances  hy  confining  iu^  f»>  ^TAraat  •mancttE&  ■! 
rt'joetin^  anatomy ;  and  though  Lannsms  Kks»7v[«iiireti  iii4  iepo- 
doncn  <)f  xoology  upon  anatomy*  so  fiir  as  to  mak*  di<  ixiiznb«r  ot  ttdh 
hm  rhnracU^ns  even  this  was  felt,  in  his  methc^i  a»  a  bi>('i  f»p.     Bil 
hin  inihuMico  was  soon  opposed  by  that  of  BaffoB.  Dvibcnsoiu  udN- 
Iak  ;  wlio  af^in  brought  into  view  the  importance  of  «K}ffDpancrre  : 
my  in  Zoology ;  at  tho  same  time  that  Haller  prored  how  rnxKh  i 
)h«  Imrnt  fn>iii  it  in  Thysiology.     John  Hunter  in  EngiAzi-i.  the  tm 
Mourtm  in  Scotland,  Camper  in  Holland,  and  Vicq  d*Azyr  in  Fruec^ 
won^  tho  fintt  to  follow  tho  path  tlius  pointed  out.    Camper  thr^wthi 
^lanoo  of  gtMiiuH  on  a  host  of  interesting  objects,  but  almost  all  that  he 
linxhuvd  WM  a  numbiT  of  sketches ;  Vicq  d^Azyr.  more  astfiduow, 
WHM  Mtopt  ill  tho  niidHt  of  a  most  brilliant  career  by  a  premature  deatk 
Siirli   irt  (hivicr's  outline  of  the  earlier  history   of  companlivB 
Huatoiiiy.     Wu  sliall  not  go  into  detail  upon  this  subject :  but  we  WMf 
oUono  that  such  studies  had  fixed  in  the  minds  of  naturalists  tin 
(*t>nviotion  of  tho  possibility  and  tho  propriety  of  considering  huge 
iJiviNionrt  of  tho  animal  kingdom  as  modifications  of  one  common  tjfpL 
IMon,  as  onrly  as  1565,  had  placed  the  skeleton  of  a  man  and  a  biid 
!«ido  by  Hido,  and  shown  tlie  correspondence  of  parts.     So  far  as  the 
case  of  vcrt<»bmted  animals  extends,  this  correspondence  is  genenJly 
allowcsl ;  although  it  required  some  ingenuity  to  detect  its  details  ia 
Ki>iuo  TRIM'S ;  for  instance,  to  see  the  analogy  of  parts  between  the 
liond  of  a  nmn  and  a  fish. 

In  tnuMUg  thcso  less  obvious  correspondencies,  some  curious  step! 
havo  Ihmmi  mado  in  recent  times.  And  here  we  must,  I  conceive, 
again  ascriln^  no  small  merit  to  tho  same  remarkable  man  who,  as  wc 
have  alriuidy  had  to  point  out,  gave  so  great  an  impulse  to  vegetaUc 
morpholi^*.  (KVtho,  whoso  talent  and  disposition  for  speculating  ob 
nU  pMti  of  natnro  wore  traly  admirable,  was  excited  to  the  study  of 
iwty  by  hii  |>ri)pitvjtnty  to  tho  Duke  of  Weimar^s  cabinet  d 
Wkilon\  in  1T8tl,  ho  published  a  little  essay,  the  object  of 
MIftftbow  thM  in  man,  as  well  as  in  beasts,  the  upper  jan 
iM  iut^raiMillArT  bone,  although  the  sutures  are  obliterated 
Hiimai^v!  nx\i  impelled  by  the  same  passion  for  natara 
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i 
obierviftion  And  for  general  viewa,  which  had  produced  his  Metamor- 
phofiis  of  PlantBi  he  pursued  his  speculations  on  these  subjects  eagerlj 
and  ■uocessfolly.  And  in  1795,  he  published  a  Sketch  of  a  Universal 
IntrodMcHion  into  Comparative  Anatomy^  heginmng  with  Osteology  ; 
in  which  he  attempts  to  establish  an  ^' osteological  type,''  to  which 
skeletons  of  all  ammals  may  be  referred.  I  do  not  pretend  that 
Qothe's  anatomical  works  have  had  any  influence  on  the  progress  of 
the  science  comparable  with  that  which  has  been  exercised  by  the 
labors  of  professional  anatomists ;  but  the  ingenuity  and  value  of  the 
views  which  they  contained  was  acknowledged  by  the  best  authorities; 
and  the  clearer  introduction  and  application  of  the  principle  of  de- 
vekq^ed  and  metamorphosed  symmetry  may  be  dated  from  about  this 
time.  Gothe  declares  that,  at  an  early  period  of  these  speculations, 
he  was  convinced*  that  the  bony  head  of  beasts  is  to  bo  derived  from 
six  vertebrflB.  In  1807,  Oken  published  a  '<  Program"  On  the  Sig- 
nification of  the  Bones  of  the  SkuUy  in  which  he  maintained  that 
these  bones  are  equivalent  to  four  vertebrso ;  and  Meckel,  in  his  Com- 
parative  Anatomy^  in  1811,  also  resolved  the  skull  into  vertebrse. 
But  Spix,  in  his  elaborate  work  Cephahgenesis,  in  1815,  reduced  the 
vertebrsd  of  the  head  to  three.  '^Oken,"  he  says,*  "published 
opinions  merely  theoretical,  and  consequently  contrary  to  those  main- 
tained in  this  work,  which  are  drawn  from  observation."  This  reso- 
lution of  the  head  into  vertebrsB  is  assented  to  by  many  of  the  best 
physiologists,  as  explaining  the  distribution  of  the  nerves,  and  other 
phenomena.  Spix  iurther  extended  the  application  of  the  vertebral 
theory  to  the  heads  of  all  classes  of  vertebrate  animals ;  and  Bojanus 
published  a  Memoir  expressly  on  the  vertebral  structure  of  the  skulls 
of  fishes  in  Oken's  Isis  for  1818.  Geoffrey  Saint-Hilaire  presented  a 
lithographic  plate  to  the  French  Academy  in  February  1824,  entitled 
Composition  de  la  Tite  osseuze  chez  V Homme  et  Us  Animauz^  and  de- 
veloped his  views  of  the  vertebral  composition  of  the  skull  in  two 
Memoirs  published  in  the  Annales  des  Sciences  Naturelles  for  1824. 
We  cannot  fiul  to  recognize  here  the  attempt  to  apply  to  the  skeleton 
of  animals  the  principle  which  leads  botanists  to  consider  all  the  parts 
of  a  flower  as  transformations  of  the  same  organs.  How  far  the 
^>plication  of  the  principle,  as  here  proposed,  is  just,  I  must  leave  phi- 
losophical physiologists  to  decide. 
By  these  and  similar  researches,  it  is  held  by  the  best  physiologists 
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that  the  sknll  of  all  vertebrate  animab  k  pretly  well  radooed  to  a  \ 
form  Btmctnre,  and  the  laws  of  its  vaiktioiis  Dearly  determined.' 

The  vertebrate  animale  being  thus  reduced  to  a  single  type^  Urn 
question  arises  how  fiir  this  can  be  done  with  rq;ard  to  other  amniali^ 
and  how  many  such  types  there  are.  And  here  we  come  to  one  «f 
the  important  services  which  Gnvier  rendered  to  natoral  history. 

Sect.  2. — Distinetim  of  the  General  Typee  cf  the  Ibnm  cf  Ammeii. 

— Chivier,  ' 

AvDfALB  were  divided  by  Lamarck  into  vertebrate  and  invertebiitof    , 
and  the  general  analogies  of  all  vertebrate  animals  are  easily  Biadi    . 
manifest    But  with  regard  to  other  animals,  the  point  is  fiir  firosi    , 
clear.    Ouvier  was  the  first  to  give  a  really  philosophical  view  of  tin 
animal  world  in  reference  to  the  plan  on  which  each  animal  is  con- 
structed.   There  are,*  he  says,  four  such  plans ; — ^four  forms  on  whiek 
animals  appear  to  have  been  modelled ;  and  of  which  the  ulterior  di- 
visions, with  whatever  titles  naturalists  have  decorated  them,  are  only 
very  slight  modifications,  founded  on  the  development  or  additicm  of 
some  parts  which  do  not  produce  any  essential  change  in  the  plan. 

These  four  great  branches  of  the  animal  world  are  the  vertebmta, 
moUueca^  articulata^  radiata  ;  and  the  differences  of  these  are  so  im- 
portant that  a  slight  explanation  of  them  may  be  permitted. 

The  vertelnrata  are  those  animals  which  (as  man  and  other  sudden, 
birds,  fishes,  lizards,  frogs,  serpents)  have  a  backbone  and  a  skoll 
with  lateral  appendages,  within  which  the  viscera  are  included,  and  to 
which  the  muscles  are  attached. 

The  molluscoj  or  soft  animals,  have  no  bony  skeleton ;  the  muscks 
ai'c  attached  to  the  skin,  which  often  includes  stony  pbites  called 
thells  ;  such  molluscs  are  shell-fish ;  others  are  cuttle-fish,  and  many 
pulpy  sea-animals. 

The  articulata  consist  of  Crustacea  (lobsters,  d^c),  ineecti^  spiderif 
and  annulose  worms^  which  consist  of  a  head  and  a  number  of  succes- 
sive annular  portions  of  the  body  jointed  together  (to  the  interior  of 
which  the  muscles  are  attached),  whence  the  name. 

Finally,  the  radiata  include  the  animals  known  under  the  name  of 
zoophytes.  In  the  preceding  three  branches  the  oi^gans  of  motion  and 
of  sense  were  distributed  symmetrically  on  the  two  sides  of  an  axis. 
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10  that  the  animal  has  a  right  and  a  left  side.  In  the  radiata  the 
omiJar  members  radiate  from  the  axis  in  a  circular  manner,  like  the 
pilsis  of  a  regular  flower. 

The  whole  value  of  such  a  classification  cannot  be  understood  with- 
Nt  eiplaining  its  use  in  enabling  us  to  give  general  descriptions,  and 
general  laws  of  the  animal  functions  of  the  classes  which  it  includes ; 
l«t  in  the  present  part  of  our  work  our  business  is  to  exhibit  it  as  an 
camnplification  of  the  reduction  of  animals  to  laws  of  Sjmmetiy. 
Ihe  bipartite  Symmetry  of  the  form  of  vertebrate  and  articulate  ani- 
nab  ia  obvious ;  and  the  reduction  of  the  various  forms  of  such  ani- 
■ili  to  a  common  type  has  been  effected,  by  attention  to  their 
natomy,  in  a  manner  which  has  satisfied  those  who  have  best  studied 
(he  sabject  l^e  molluscs,  especially  those  in  which  the  head  disap- 
pean^  aa  oysters,  or  those  which  are  rolled  into  a  spiral,  as  snails,  have 
a  less  obvious  Symmetry,  but  here  also  wc  can  apply  certain  general 
tjrpea.  And  the  Symmetry  of  the  radiated  zoophytes  is  of  a  nature 
qnte  different  from  all  the  rest,  and  approaching,  as  we  have  sug- 
gesled,  to  the  kmd  of  Symmetry  found  in  plants.  Some  naturalists 
ksfe  doabted  whether'  these  zoophytes  are  not  rcforrible  to  two  types 
(■ertte  or  polypes,  and  true  radiata,)  rather  than  to  one. 

This  fourfold  division  was  introduced  by  Cuvier,"  Before  him, 
natonJistB  followed  LinnsBUs,  and  divided  non-vertebrate  animals  into 
two  classes,  insects  and  worms.  ^^  I  began,"  says  Guvier,  *'  to  attack 
dus  view  of  the  subject,  and  offered  another  division,  in  a  Memoir  read 
•t  the  Society  of  Natural  History  of  Paris,  the  2l8t  of  Floreal,  in  the 
year  HI.  of  ^e  Republic  (May  10,  1795,)  printed  in  the  D4cade  Phi- 
hmopkique :  in  this,  I  mark  the  characters  and  the  limits  of  molluscs, 
insects,  worms,  echinoderms,  and  zoophytes.  I  distinguish  the  red- 
Uooded  worms  or  annelides,  in  a  Memoir  read  to  the  Institute,  the 
11th  Nivose,  year  X.  (December  31, 1801.)  I  afterwards  distributed 
thsse  different  classes  into  three  branches,  each  co-ordinate  to  the 
bmch  formed  by  the  vertebrate  animals,  in  a  Memoir  read  to  the 
Intitiite  in  July,  1812,  printed  in  the  Annates  du  Museum  d'ffistoire 
Faiurelley  torn,  xix,"  His  great  systematic  work,  the  Regne  Animal^ 
fcunded  on  this  distribution,  was  published  in  1817;  and  since  that 
time  the  division  has  been  commonly  accepted  among  naturalists. 

[2nd  £d.]  [The  question  of  the  Classification  of  Animals  is 
discussed  in  the  first  of  Prof.  Owen*s  Lectures  on  the  Invertebrate  Ani- 
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mals  (1843).  Mr.  Owen  obeerveB  that  the  Rnraogement  of  ftDimak 
into  Vertebrate  and  Invertebrate  which  prevailed  before  CaTier,  wia 
necessarily  bad,  inasmach  as  no  negative  character  in  Zocdogy  gma 
tme  natural  groups.  Hence  the  establishment  of  the  suMcmgdrnM^ 
JfoUuscOy  ArtictUata^  Badiata^  as  co-ordinate  with  VerttbraUL,  aoeoei- 
ing  to  the  arrangement  of  the  nervous  systenii  was  a  moat  ImpofftMl 
advance.  But  Mr.  Owen  has  seen  reason  to  separate  the  .Badiata  of 
Cuvier  into  two  divisions;  the  NemaUmeura^  in  which  the  nervuNi 
system  can  be  traced  in  a  filamentary  form  (induding  Eekmodawm^ 
OiHobraehiatOf  CoBlelminthOy  Botifera,)  and  the  Aerita  or  lowest  diffi- 
sion  of  the  animal  kingdom,  including  Acalepha^  KudibTachmH^ 
Sterelminthoj  Polygaetria? 

Sect.  8. — Attempts  to  establish  the  Identity  of  the  Types  of  Anmd 

Forms, 

SuFFOSiNo  this  great  step  in  Zoology,  of  which  we  have  g^ven  ta 
account^ — the  reduction  of  all  animals  to  four  types  or  plans, — to  be 
quite  secure,  we  are  then  led  to  ask  whether  any  further  advance  B 
possible ; — whether  several  of  these  types  can  be  referred  to  one  eooh 
men  form  by  any  wider  ^ort  of  generalization.  On  this  question  there 
has  been  a  considerable  di£ference  of  opinion.  Geoffrey  Saint-Hilaire,"  « 
who  had  previously  endeavored  to  show  that  all  vertebrate  animals 
were  constructed  so  exactly  upon  the  same  plan  as  to  preserve  the 
strictest  analogy  of  parts  in  respect  to  their  osteology,  thought  to 
extend  this  unity  of  plan  by  demonstrating,  that  the  hard  parts  of 
crustaceans  and  insects  are  still  only  modifications  of  the  skeleton  of 
higher  animals,  and  that  therefore  the  type  of  vertebratamust  be  made 
to  include  them  also : — the  segments  of  the  articulata  are  held  to  be 
strictly  analogous  to  the  vcrtebrsB  of  the  higher  animals,  and  thus  the 
former  live  within  their  vertebral  column  in  the  same  manner  as  the 
latter  live  without  it.  Attempts  have  even  been  made  to  reduce  mol- 
luscous and  vertebrate  animals  to  a  community  of  type,  as  we  shall 
see  shortly. 

Another  application  of  the  principle,  according  to  which  creatures 
the  most  different  are  developments  of  the  same  original  type,  may  be 
discerned"  in  the  doctrine,  that  the  embryo  of  the  higher  forms  of 
animal  life  passes  by  gradations  through  those  forms  which  are  peim*- 


"  Mr.  J«Dyna»  Brit  Assoc.  Rep.  iv.  150.        »  Dr.  COaik,  JUport,  lb.  iv.  118. 
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in  infetior  animda.  Thus,  acoording  to  this  view^  the  hvauoi 
mes  sncoeenTely  the  phui  of  the  xoophyte^  the  wonn,  the 
U^  the:  turtle,  the  bird,  the  beast  But  it  haa  been  well  obeerred, 
dMt^in  theae  analogiea  we  look  in  vain  for  the  precision  which  can 
doia  aappart  the  inference  that  has  been  deduced;"'*  and  that  at 
mtk  itep,  the  higher  embiyo  and  the  lower  animal  which  it  is 
■ppoaed  to  reaembley  differ  in  haying  each  different  organs  suited  to 
ttdr  raapectiTe  destinations. 

OaTier^*  never  assented  to  this  view,  nor  to  the  attempts  to  refer  the 
;  divisions  of  his  system  to  a  common  type.  ^  He  could  not 
aya  his  biographer,  ^  that  the  lungs  or  gills  of  the  vertebrates 
are  in  the  same  connexion  as  the  branchiae  of  molluscs  and  crustaceans, 
iHiich  in  the  one  are  situated  at  the  base  of  the  feet,  or  fixed  on  the 
hd  themselves,  and  in  the  other  often  on  the  back  or  about  the  arms. 
He  did  not  admit  the  analogy  between  the  skeleton  of  the  vertebrates 
and  the  akin  of  the  articulates ;  he  could  not  believe  that  the  tffinia  and 
the  sepia  were  constructed  on  the  same  plan ;  that  there  was  a  similar- 
if  of  composition  between  the  bird  and  the  echinus,  the  whale  and 
the  anail ;  in  spite  of  the  skill  with  which  some  persons  sought  gradu- 
ally to  efface  their  discrepancies." 

Whether  it  may  be  possible  to  establish,  among  the  four  great  divi* 
nona  of  the  "'  Animal  Kingdom,"  some  analogies  of  a  higher  order 
dian  those  which  prevail  within  each  division,  I  do  not  pretend  to  con- 
jecture. If  this  can  be  done,  it  is  clear  that  it  must  be  by  comparing 
the  ^rpes  of  these  divisions  under  their  most  general  forms :  and  thus 
Omei^s  arrangement,  so  far  as  it  is  itself  rightly  founded  on  the  unity 
of  composition  of  each  branch,  is  the  surest  step  to  the  discovery  of  a 
imity  pervading  and  uniting  these  branches.  But  those  who  general- 
iie  surely,  and  those  who  generalize  rapidly,  may  travel  in  the  same 
direction,  they  soon  separate  so  widely,  that  they  appear  to  move 
from  each  other.  The  partisans  of  a  universal  ^' unity  of  composition" 
of  animalai  accused  Cuvier  of  being  too  inert  in  following  the  progress 
oC  i^yaiological  and  zool<^cal  science.  Borrowing  their  illustration 
from  the  political  parties  of  the  times,  they  asserted  that  he  belonged 
to  the  science  of  resistance,  not  to  the  science  of  the  movement.  Such 
a  charge  was  highly  honorable  to  him;  for  no  one  acquainted  with 
the  history  of  zoology  can  doubt  that  ho  had  a  great  share  in  the 
impolse  by  which  the  *^ movement"  was  occasioned;  or  that  he  him- 


»  Dr.  CUrk,  p  114.  ^  LaurilUrd,  £Uff.  de  Owner,  p.  66. 

Vol.  IL— 81. 


489  HIBTOBY  OF  FHTOQLO07. 

sdf  made  a  large  advance  with  it ;  and  it  was  becanae  he  waa  so  poiaed 
by  the  vast  mass  of  his  knowledge,  bo  temperate  in  his  love  of  doubts 
fa\  generalizations,  that  he  was  not  swept  on  in  the  wilder  part  of  the 
stream.  To  such  a  charge,  moderate  reformers,  who  appreciate  the 
▼alue  of  the  good  which  existe,  though  they  try  to  make  it  better,  and 
who  know  the  knowledge,  thoughtfulneflB,  and  caution,  which  are  need- 
fal  in  such  a  task,  are  naturally  exposed.  For  us,  who  can  only  decide 
on  such  a  subject  by  the  general  analogies  of  the  history  of  adeooe^ 
it  may  suffice  to  say,  that  it  appears  doubtful  whether  the  fimdamental 
conceptions  of  affinity,  analogy,  transition,  and  developement,  have  yet 
been  fixed  in  the  minds  of  physiologists  with  sufficient  fimmess  and 
clearness,  or  unfolded  with  sufficient  consistency  and  generality,  to 
make  it  likely  that  any  great  additional  step  of  this  kind  can  for  some 
time  be  made. 

We  have  here  considered  the  doctrine  of  the  identity  of  the  seem- 
ingly various  types  of  animal  structure,  as  an  attempt  to  extend  the 
correspondencies  which  were  the  basis  of  Ouvier's  division  of  the  ani- 
mal kingdom.  But  this  doctrine  has  been  put  forward  in  anothei 
point  of  view,  as  the  antithesis  to  the  doctrine  of  final  causes.  This 
question  is  so  important  a  one,  that  we  cannot  help  attempting  to  give 
some  view  of  its  state  and  bearings. 


CHAPTER  Vm. 
Thb  Doctrinb  op  Final  Causes  in  Physiology. 


Sect.  1. — Assertion  of  the  Principle  of  Unity  of  Plan. 

¥E  have  repeatedly  seen,  in  the  course  of  our  historical  view  of 
Physiology,  that  those  who  have  studied  the  structure  of  animals 
and  plants,  have  had  a  conviction  forced  upon  them,  that  the  oigans 
are  constructed  and  combined  in  subservience  to  the  life  and  functions 
of  the  whole.  The  parts  have  a  purpose,  as  well  as  a  law  ; — we  can 
trace  Final  Causes,  as  well  as  Laws  of  Causation.  This  principle  is 
peculiar  to  physiology ;  and  it  might  naturally  be  expected  that,  in  the 
progress  of  the  science,  it  would  come  under  special  consideration. 
This  accordingly  has  happened;  and  the  principle  has  been  drawn 
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into  a  prominent  position  by  the  straggle  of  two  antagonistic  schools  of 
plijnologifltB.  On  the  one  hand,  it  has  been  maintained  that  this 
doctrine  of  final  causes  is  altogether  nnphilosophical,  and  requires  to 
be  replaced  by  a  more  comprehensive  and  profound  principle :  on  the 
other  hand,  it  is  asserted  that  the  doctrine  is  not  only  tme,  bat  that, 
ID  our  own  time,  it  has  been  fixed  and  developed  so  as  to  become  the 
iBstroment  of  some  of  the  most  important  discoveries  which  have  been 
made.  Of  the  views  of  these  two  schools  we  mnst  endeavor  to  give 
some  account. 

Hie  disciples  of  the  former  of  the  two  schools  express  their  tenets 
by  the  phrases  unity  of  plan^  unity  of  compoiitum ;  and  the  more 
detailed  developement  of  these  doctrines  has  been  termed  the  Theory 
ofAnaloffieSj  by  Geoffroy  Saint-Hilaire,  who  claims  this  theory  as  his 
own  creation.  According  to  this  theory,  the  stnictore  and  functions 
of  animals  are  to  be  studied  by  the  guidance  of  their  analogy  only ; 
oar  attention  is  to  be  turned,  not  to  the  fitness  of  the  organization  for 
any  end  of  life  or  action,  but  to  its  resemblance  to  other  organizations 
by  which  it  is  gradually  derived  from  the  original  type. 

According  to  l^e  rival  view  of  this  subject,  we  must  not  assume, 
and  cannot  establish,  that  the  plan  of  all  animals  is  the  same,  or  their 
composition  similar.  The  existence  of  a  single  and  universal  system 
of  analogies  in  the  construction  of  all  animals  is  entirely  unproved, 
and  therefore  cannot  be  made  our  guide  in  the  study  of  their  pro- 
perties. On  the  other  hand,  the  plan  of  the  animal,  the  purpose  of  its 
oiganization  in  the  support  of  its  life,  the  necessity  of  the  functions  to 
its  existence,  are  trutiis  which  are  irresistibly  apparent,  and  which 
may  therefore  be  safely  taken  as  the  bases  of  our  reasonings.  This 
view  has  been  put  forward  as  the  doctrine  of  the  condititms  of 
exiitence :  it  may  also  be  described  as  the  principle  of  a  purpose  in 
oryanization ;  the  structure  being  considered  as  having  the  function 
for  its  end.     We  must  say  a  few  words  on  each  of  these  views. 

It  had  been  pointed  out  by  Cuvier,  as  we  have  seen  in  the  last 
diapter,  that  the  animal  kingdom  may  be  divided  into  four  great 
hranches;  in  each  of  which  the  plan  of  the  animal  is  different, 
namely,  vertehrata^  articulator  molluscOj  radiata.  Now  the  question 
natorally  occurs,  is  there  really  no  resemblance  of  construction  in 
these  different  classes  ?  It  was  maintained  by  some,  that  there  is  such 
I  resemblance.    In  1820,*  M.  Audouin,  a  young  naturalist  of  Paris, 
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endeavored  to  fill  up  the  chasm  which  separates  insects  from  othei 
animals ;  and  by  examining  carefally  the  portions  which  compose  the 
solid  frame-work  of  insects,  and  following  them  through  fheir  Tarious 
transformations  in  different  classes,  he  conceived  that  be  fiyond 
relations  of  position  and  function,  and  often  of  number  and  form, 
which  might  be  compared  with  the  relations  of  the  parte  of  the 
skeleton  in  vertebrate  animals.  He  thought  that  the  first  segment  of 
an  insect,  the  head,'  represents  one  of  the  three  vertebm  whidi, 
according  to  Spix  and  others,  compose  the  vertebrate  bead:  the 
second  s^ment  of  the  insects,  (the  prothorax  of  Audouin,)  is,  ac- 
cording to  M.  Geofiroj,  the  second  vertebra  of  the  head  of  the 
vertebrata,  and  so  on.  Upon  this  speculation  Onvier*  does  not  give 
any  decided  opinion ;  observing  only,  that  even  if  &lse,  it  leads  to 
active  thought  and  useful  research. 

But  when  an  attempt  was  further  made  to  identify  the  plan  of  ano- 
ther branch  of  the  animal  world,  the  mollusca,  with  that  of  the  verte- 
brata, the  radical  opposition  between  such  views  and  those  of  Cuvier, 
broke  out  into  an  animated  controversy. 

Two  French  anatomists,  MM.  Laurencet  and  Meyranx,  presented  to 
the  Academy  of  Sciences,  in  1830,  a  Memoir  containing  their  views  on 
the  organization  of  molluscous  animals ;  and  on  the  sepia  or  cuttle-fish 
in  particular,  as  one  of  the  most  complete  examples  of  such  animak 
These  creatures,  indeed,  though  thus  placed  in  the  same  division  with 
shell-fish  of  the  most  defective  organization  and  obscure  structure,  are 
fiir  from  being  scantily  organized.  Tliey  have  a  brain,*  often  eyes,  and 
these,  in  the  animals  of  this  class,  {cephalopoda)  are  more  complicated 
than  in  any  vertebrates  ;*  they  have  sometimes  ears,  salivary  glands, 
multiple  stomachs,  a  considerable  liver,  a  bile,  a  complete  double  ci^ 
culation,  provided  with  auricles  and  ventricles ;  in  short,  their  vital 
activity  is  vigorous,  and  their  senses  are  distinct 

But  still,  though  this  organization,  in  the  abundance  and  diversity 
of  Its  parts,  approaches  that  of  vertebrate  animals,  it  had  not  been  con- 
sidered as  composed  in  the  same  manner,  or  arranged  in  the  same 
order.  Cuvier  had  always  maintained  that  the  plan  of  mollusca  is  not 
a  continuation  of  the  plan  of  vertebrates. 


*  lb  487.  •  Cuv.  EUt  Se.  Nat,  iil  441. 

*  Geoffroy  Saint-Hilaire  denies  thi&     Principe^  de  Phil,  Zoologiq%te  ditcmii* 
m  1880,  p.  68. 
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MM.  Laniencet  and  Meyranx,  on  the  contrary,  conceived  that  the 
iqna  mig^t  be  reduced  to  the  type  of  a  vertebrate  creature,  by  consi- 
d/mng  Uie  back-bone  of  the  latter  bent  doable  backwards,  so  aa  to 
bring  the  root  of  the  tail  to  the  nape  of  the  neck ;  the  parts  thus 
bnH^ht  into  contact  being  supposed  to  coalesce.  By  this  mode  of 
eoDceptioii,  these  anatomists  held  that  the  viscera  were  placed  in  the 
wne  connexion  as  in  the  vertebrate  type,  and  the  functions  exercised 
in  an  analogous  manner. 

To  decide  on  the  reality  of  the  analogy  thus  asserted,  clearly  belong- 
ed to  the  jurisdiction  of  the  most  eminent  anatomists  and  physiologists. 
The  Memoir  was  conmiitted  to  Geoffrey  Saint-Hilaire  and  Latreille, 
two  eminent  zoolc^istB,  in  order  to  be  reported  on.  Their  report  was 
extremely  favorable ;  and  went  almost  to  the  length  of  adopting  the 
?lewB  of  the  authors. 

Cnvier  expressed  some  dissatis&ction  with  this  report  on  its  being 
lead  ;*  and  a  short  time  afterwards,'  represented  Geoffroy  Saint-Hilaire 
as  having  asserted  that  the  new  views  of  Laurencet  and  Meyranx 
refuted  completely  the  notion  of  the  great  interval  which  exists 
between  molluscous  and  vertebrate  animals.  Geoffroy  protested  against 
nch  an  interpretation  of  his  expressions ;  but  it  soon  appeared,  by  the 
eontroversial  character  which  the  discussions  on  this  and  several  other 
subjects  assumed,  that  a  real  opposition  of  opinions  was  in  action. 

Without  attempting  to  explain  the  exact  views  of  Geoffrey,  (we  may, 
perhaps,  venture  to  say  that  they  are  hardly  yet  generally  undentood 
with  tnifficient  distinctness  to  justify  the  mere  historian  of  science  in 
attempting  such  an  explanation,)  their  general  tendency  may  be  suffi- 
ciently collected  from  what  has  been  said ;  and  from  the  phrases  in 
which  his  views  are  conveyed.*  The  principle  of  connexions,  the  elee- 
Hve  affinities  of  organic  elements,  the  equilibrization  of  organs  ; — such 
are  the  designations  of  the  leading  doctrines  which  are  unfolded  in  the 
preliminary  discourse  of  his  Anatomical  Philosophy.  Elective  affini- 
ties of  organic  elements  are  the  forces  by  which  the  vital  structures 
and  varied  forms  of  living  things  are  produced  ;  and  the  principles  of 
connexion  and  equilibrium  of  these  forces  in  the  various  parts  of  the 
organization  prescribe  limits  and  conditions  to  the  variety  and  develope- 
ment  of  such  forms. 

The  character  and  tendency  of  this  philosophy  will  be,  I  think, 


*  PHnc  de  Phil  Zool  diseutes  en  1880,  p.  86.  *  p.  5a 
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much  more  clear,  if  we  consider  what  it  excludes  and  denies.  It  rejects 
altogether  all  conception  of  a  plan  and  purpose  in  the  organs  of  ani- 
mals, as  a  principle  which  has  determined  their  forms,  or  can  be  of 
ose  in  directing  our  reasonings.  "  I  take  care,"  says  Geofl^oy,  "  not 
to  ascribe  to  God  any  intention.'"  And  when  Cuvier  speaks  of  the 
combination  of  organs  in  such  order  that  they  may  be  in  consistence 
with  the  part  which  the  animal  Acw  to  play  in  nature ;  his  rival 
rejoins,*'  I  "  know  nothing  of  animals  which  have  to  play  a  part  in 
nature."  Such  a  notion  is,  he  holds,  unphiloeophical  and  dangerona 
It  is  an  abuse  of  final  causes  which  makes  the  cause  to  be  engendered 
by  the  effect  And  to  illustrate  still  further,  his  own  view,  he  says,  '^I 
have  read  concerning  fishes,  that  because  they  live  in  a  medium  which 
rensts  more  than  air,  their  motive  forces  are  calculated  so  as  to  give 
them  the  power  of  progression  under  those  circumstances.  By  this 
mode  of  reasoning,  you  would  say  of  a  man  who  makes  use  of  crutches, 
that  he  was  originally  destined  to  the  misfortune  of  having  a  leg  para- 
lysed or  amputated." 

How  iar  this  doctrine  of  unity  in  the  plan  in  animals,  is  admisdble 
or  probable  in  physiology  when  kept  within  proper  limits,  that  is,  when 
not  put  in  opposition  to  the  doctrine  of  a  purpose  involved  in  the  plan 
of  animals,  I  do  not  pretend  even  to  conjecture.  The  question  is  one 
which  appears  to  be  at  present  deeply  occupying  the  minds  of  the  most 
learned  and  profound  physiologists ;  and  such  persons  alone,  adding 
to  their  knowledge  and  zeal,  judicial  sagacity  and  impartiality,  can  tell 
us  what  is  the  general  tendency  of  the  best  researches  on  this  subject" 
But  when  the  anatomist  expresses  such  opinions,  and  defends  them  by 
such  illustrations  as  those  which  I  have  just  quoted,"  we  perceive  that 
he  quits  the  entrenchments  of  his  superior  science,  in  which  he  might 


•  <«  Je  me  garde  de  prater  k  Dieu  aucune  intention.''    Phil,  ZooL  10. 

**  "  Je  ne  ooDnaia  point  d'animal  qui  doiye  jouer  un  r61e  dans  la  nature.** 
p.  66. 

"  So  far  as  this  doctrine  is  generally  accepted  among  the  best  physiologists, 
we  cannot  donbt  the  propriety  of  Meckel's  remark,  (Vomparalive  Anatomy, 
1821,  Pre!  p.  zl)  that  it  cannot  be  truly  asserted  either  to  be  new,  or  to  be 
peculiarly  due  to  Geoffroy  Saint-ELilaire. 

"  It  is  hardly  worth  while  answering  such  illustrations,  but  I  may  remark, 
that  the  one  quoted  above,  irrelevant  and  unbecoming  as  it  is,  teUs  altogether 
agamst  its  author.  The  fact  that  the  wooden  leg  is  of  the  same  length  as  the 
other,  proves,  and  would  satisfy  the  moat  incredulous  man,  that  it  waa  intended 
for  walking. 
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haye  remained  unavailable  so  long  as  the  question  was  a  professional 
one;  and  the  discussion  is  open  to  those  who  possess  no  peculiar 
knowledge  of  anatomy.  We  shall,  therefore,  venture  to  say  a  few 
words  upon  it 

Sect  2.S8t%mate  of  the  Doctrine  of  Unity  of  Plan. 

Ir  has  been  so  often  repeated,  and  so  generally  allowed  in  modem  times, 
that  final  Causes  ought  not  to  be  made  our  guides  in  natural  philoeo- 
phy,  that  a  prejudice  has  been  established  against  the  introduction  of 
any  yiews  to  which  this  designation  can  be  applied,  into  physical  spe- 
eolationa.  Yet,  in  U^\^  the  assumption  of  an  end  or  purpose  in  Uie 
stmctore  of  organized  beings,  appears  to  be  an  intellectual  habit  which 
no  efforts  can  cast  off.  It  has  prevailed  from  the  earliest  to  the  latest 
ages  of  zoological  research ;  appears  to  be  fastened  upon  us  alike  by 
cor  ignorance  and  our  knowledge ;  and  has  been  formally  accepted  by 
80  many  great  anatomists,  that  we  cannot  feel  any  scruple  in  believing 
the  rejection  of  it  to  be  the  superstition  of  a  fidse  philosophy,  and  a 
result  of  the  exaggeration  of  other  principles  which  are  supposed  capa- 
ble of  superseding  its  use.  And  the  doctrine  of  unity  of  plan  of  all 
animals,  and  the  other  principles  associated  with  this  doctrine,  so  far 
aa  they  exclude  the  conviction  of  an  intelligible  scheme  and  a  disco- 
verable end,  in  the  organization  of  animals,  appear  to  be  utterly  erro- 
neous. I  will  offer  a  few  reasons  for  an  opinion  which  may  appear 
presomptnous  in  a  writer  who  has  only  a  general  knowledge  of  the 
sabject 

1.  In  the  first  place,  it  appears  to  me  that  the  argumentation  on  the 
case  in  question,  the  Sepia,  does  by  no  means  turn  out  to  the  advan- 
tage of  the  new  hypothesis.  The  arguments  in  support  of  the  hypo- 
thetical view  of  the  structure  of  this  mollusc  were,  that  by  this  view 
the  relative  position  of  the  parts  was  explained,  and  confirmations 
which  had  appeared  altogether  anomalous,  were  reduced  to  rule ;  for 
example,  the  beak,  which  had  been  supposed  to  be  in  a  position  the 
reverse  of  all  other  beaks,  was  shown,  by  the  assumed  posture,  to  have 
its  npper  mandible  longer  than  the  lower,  and  thus  to  be  regularly 
placed.  "But,"  says  Cuvier,"  "supposing  the  posture,  in  order  that 
the  side  on  which  the  funnel  of  the  sepia  is  folded  should  be  the  back 
of  the  animal,  considered  as  similar  to  a  vertebrate,  the  brain  with  re- 


"*  G.&ff.  Phil.  2M.  p.  10. 


sense  cnureiy  ainerenc  irom  meir  common  meamngi 

This  argument  appears  to  be  ezacUy  of  the  kind  c 
ralne  of  the  hjrpotheris  mnst  depend.*^  It  is,  therefore, 
see  the  reply  made  to  it  by  the  theorist  It  is  this :  ** 
hats  here  stated,  but  I  deny  that  they  lead  to  the  notion 
sort  of  animal  composition.  Molluscous  animals  had  be< 
high  in  the  zoological  scale ;  but  if  they  are  only  the  e 
lower  stages,  if  they  are  only  beings  in  which  for  fewer 
into  play,  it  does  not  follow  that  the  organs  are  destitute 
tions  which  the  power  of  successive  generations  may  d 
organ  A  will  be  in  an  unusual  relation  with  the  organ  G 
been  produced ; — ^if  a  stoppage  of  the  dovelopement  hfl 
this  latter  organ,  and  has  thus  prevented  its  production, 
he  sajm,  "  we  see  how  we  may  have  different  arrangemet 
constructions  as  they  appear  to  the  eye." 

It  seems  to  me  that  such  a  concession  as  this  entirely 
theory  which  it  attempts  to  defend ;  for  what  arrangcn 
principle  of  unity  of  composition  exclude,  if  it  admits  nn 
various  arrangements  of  some  organs,  accompanied  by 
sence  of  others  ?  Or  how  docs  this  differ  from  Cuvier's 
ing  the  conclusion,  except  in  the  introduction  of  ccrl 
hypotheses  of  dovelopement  and  stoppage?  **I  reduc 
Cuvicr  says,  "to  their  tnio  expression,  by  saying  that 
have  several  organs  which  are  common  to  them  and  ve: 
which  discharge  the  same  offices ;  but  that  these  organs 
differently  distributed,  and  often  constructed  in  a  diffci 


"  I  do  not  dwell  on  other  arguments  which  were  employed 
AS  a  dreimiBtance  soggestinfic  the  sopposed  posture  of  the  tvpe,  t 
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ind  they  are  accompanied  by  several  other  organs  which  vertebrates 
hire  not ;  while  these  on  the  other  hand  have  several  which  are  want- 
ii^  in  cephalopods." 

We  shall  see  afterwards  the  general  principles  which  Cavier  himself 
considered  as  the  best  goides  in  these  reasonings.  Bat  I  wiU  first  add 
a  few  words  on  the  disposition  of  the  school  now  under  consideration, 
to  reject  all  assomption  of  an  end. 

2.  That  the  parts  of  the  bodies  of  animals  are  made  in  order  to 
discharge  their  respective  offices,  is  a  conviction  which  we  cannot 
bdiere  to  be  otherwise  than  an  irremovable  principle  of  the  philoso- 
phy of  organization,  when  we  see  the  manner  in  which  it  has  con- 
ilmtly  forced  itself  npon  the  minds  of  zoologists  and  anatomists  in  all 
•gee ;  not  only  as  an  inference,  but  as  a  guide  whose  indications  they 
eonld  not  help  following.  I  have  already  noticed  expressions  of  this 
eonriction  in  some  of  the  principal  persons  who  occur  in  the  history 
of  physiology,  as  Galen  and  Harvey.  I  might  add  many  more,  bat  I 
will  content  myself  with  adducing  a  contemporary  of  OeoJSroy's  whose 
testimony  is  the  more  remarkable,  because  he  obviously  shares  with 
his  countryman  in  the  common  prejudice  against  the  use  of  final 
causes.  ^  I  consider,"  he  says,  in  speaking  of  the  provisions  for  the 
fcprodnctaon  of  animals,^*  ^  with  the  great  Bacon,  the  philosophy  of 
final  causes  as  sterile ;  but  I  have  elsewhere  acknowledged  that  it  was 
very  difficult  for  the  most  cautions  man  never  to  have  recourse  to 
them  in  his  explanations."  After  the  survey  which  we  have  had  to 
take  of  the  history  of  physiology,  wc  cannot  but  see  that  the  assump- 
tion of  final  causes  in  this  branch  of  science  is  so  far  from  being 
sterile,  that  it  has  had  a  largo  share  in  every  discovery  which  is 
included  in  the  existing  mass  of  real  knowledge.  The  use  of  every 
organ  has  been  discovered  by  starting  from  the  assumption  that  it 
must  have  some  use.  The  doctrine  of  the  circulation  of  the  blood 
was,  as  we  have  seen,  clearly  and  professedly  due  to  the  persuasion  of 
a  purpose  in  the  circulatory  apparatus.  The  study  of  comparative 
anatomy  is  the  study  of  the  adaption  of  animal  structures  to  their 
purposes.  And  we  shall  soon  have  to  show  that  this  conception  of 
final  causes  has,  in  our  own  times,  been  so  far  from  barren,  that  it  has, 
in  the  hands  of  Ouvier  and  others,  enabled  us  to  become  intimately 
acquainted  with  vast  departments  of  zoology  to  which  we  have  no 
other  mode  of  access.    It  has  placed  before  us  in  a  complete  state, 


*  Cabanifl,  Rapports  du  Physique  et  du  Morale  ds  VEfimme,  L  229. 
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animal8,  of  which,  for  thousands  of  jean,  only  a  few  fragmeDts  have  i 
existed,  and  which  dijQTer  widely  from  all  existing  animals ;  and  it  hM  j 
given  birth,  or  at  least  has  given  the  greatest  part  of  its  importanee  l 
and  interest,  te  a  science  which  forms  one  of  the  brightest  parts  of  the  i 
modem  progress  of  knowledge.  It  is,  therefore,  very  &r  from  beii^  t  i 
vague  and  empty  assertion,  when  we  say  that  final  caoses  are  a  resl  i 
and  indestmctible  element  in  zoolc^cal  philosophy ;  and  that  the  ei-  i 
elusion  of  them,  as  attempted  by  the  school  of  which  we  speak,  is  a  i 
fundamental  and  most  mischievous  error. 

3.  Thus,  though  the  physiologist  may  penuade  himself  that  he  oi^  i 
not  to  refer  to  final  causes,  we  find  that,  practically,  he  cannot  help 
doing  this ;  and  that  the  event  shows  that  his  practical  habit  is  li^ 
and  well-founded.  But  he  may  still  cling  to  the  speculative  diflUailtics 
and  doubts  in  which  such  subjects  may  be  involved  by  d  priori  cons- 
derations.  He  may  say,  as  Saint-Hilaire  does  say,^*  ^I  ascribe  no 
intention  to  God,  for  I  mistrust  the  feeble  powers  of  my  reason.  I 
observe  &cts  merely,  and  go  no  further.  I  only  pretend  to  the  cha- 
racter of  the  historian  of  what  ia,'^  "I  cannot  make  Nature  an 
intelligent  being  who  docs  nothing  in  vain,  who  acts  by  the  shortert 
mode,  who  does  all  for  the  best'' 

I  am  not  going  to  enter  at  any  length  into  this  subject,  which,  thus 
considered,  is  metaphysical  and  theological,  rather  than  physiological 
If  any  one  maintain,  as  some  have  maintained,  that  no  manifestation 
of  means  apparently  used  for  ends  in  nature,  can  prove  the  existence  of 
design  in  the  Author  of  nature,  this  is  not  the  place  to  refute  such  an 
opinion  in  its  general  form.  But  I  think  it  may  bo  worth  while  te 
show,  that  even  those  who  incline  to  such  an  opinion,  still  cannot  resist 
the  necessity  which  compels  men  to  assume,  in  organized  beings,  the 
existence  of  an  end. 

Among  the  philosophers  who  have  referred  our  conviction  of  the 
being  of  God  to  our  moral  nature,  and  have  denied  the  possibility  of 
demonstration  on  mere  physical  grounds,  Kant  is  perhaps  the  most 
eminent  Yet  he  has  asserted  the  reality  of  such  a  principle  of  phy- 
siology as  we  are  now  maintaining  in  the  most  emphatic  manner. 
Indeed,  this  assumption  of  an  end  makes  his  very  definition  of  an 
organized  being.  "  An  organized  product  of  nature  is  that  in  which 
all  the  parts  are  mutually  ends  and  means."  *'  And  this,  he  says,  is  a 
universal  and  necessary  maxim.    He  adds,  **  It  is  well  known  that  the 


»•  Pha.  ZooL  p.  la  "  VrtMitkrafi,  p.  896. 
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Mitoiniiere  of  plants  and  animals,  in  order  to  investigate  their  stmo- 
tate,  and  to  obtain  an  insight  into  the  grounds  why  and  to  what  end 
adi  parts,  why  snch  a  situation  and  connexion  of  the  parts,  and 
encUy  audi  an  internal  form,  come  before  them,  assume,  as  indispen- 
mity  necessaiy,  this  maxim,  that  in  such  a  creature  nothing  is  in  vatn, 
aid  proceed  upon  it  in  the  same  way  in  which  in  general  natural  phi- 
kaophy  we  proceed  upon  the  principle  that  nothing  happens  by  chance. 
in  fiict,  they  can  as  little  free  themselves  from  this  teleological  principle 
as  from  the  general  physical  one ;  for  as,  on  omitting  the  latter,  no 
operience  would  be  possible,  so  on  omitting  the  former  principle,  no 
doe  could  exist  for  the  observation  of  a  kind  of  natural  objects  which 
en  be  considered  teleologically  under  the  conception  of  natural  ends." 

Even  if  the  reader  should  not  follow  the  reasoning  of  this  celebrated 
philosopher,  he  will  still  have  no  difficulty  in  seeing  that  he  asserts,  in 
the  most  distinct  manner,  that  which  is  denied  by  the  author  whom 
we  have  before  quoted,  the  propriety  and  necessity  of  assuming  the 
existence  ci  an  end  as  our  guide  in  the  study  of  animal  organization. 

4.  It  appears  to  me,  therefore,  that  whether  wo  judge  from  the  aigu- 
mrats,  the  results,  the  practice  of  physiologists,  their  speculative 
q>inionS|  or  those  of  the  philosophers  of  a  wider  field,  we  are  led  to  the 
itme  conviction,  that  in  the  organized  world  we  may  and  must  adopt 
the  belief^  that  organization  exists  for  its  purpose,  and  that  the  appre- 
liension  of  the  purpose  may  guide  us  in  seeing  the  meaning  of  the 
organization.  And  I  now  proceed  to  show  how  this  principle  has  been 
brought  into  additional  clearness  and  use  by  Guvier. 

In  doing  this,  I  may,  perhaps,  be  allowed  to  make  a  reflection  of  a 
kind  somewhat  different  from  the  preceding  remarks,  though  suggested 
by  them.  In  another  work,"  I  endeavored  to  show  that  tliose  who 
have  been  discoverers  in  science  have  generally  had  minds,  the  dispo- 
sition of  which  was  to  believe  in  an  intelligent  Maker  of  the  universe ; 
sDd  that  the  scientific  speculations  which  produced  an  opposite  ten- 
dency, were  generally  those  which,  though  they  might  deal  familiarly 
with  known  physical  truths,  and  conjecture  boldly  with  regard  to  the 
onknown,  did  not  add  to  the  number  of  solid  generalizations.  In  order 
to  judge  whether  this  remark  is  distinctly  applicable  in  the  case  now 
considered,  I  should  have  to  estimate  Guvier  in  comparison  with  other 
physiologists  of  his  time,  which  I  do  not  presume  to  do.    But  I  may 


"  Bridgewater  Treatise^  B.'  iii.  c.  vii  and  viii.    On  Inductive  Habits  of 
Though  and  on  Dednotive  Habits  of  Thoogfat 
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that  he  is  flowed  by  r11  to  have  estftbLLfthed^  on  ao  ipdcstmcti- 
9f  maity  of  the  most  important  gracimluntaoiis  ^hich  £ooto|[y 
itaiuf;;  and  the  priucipai  defect  whkk  hn  critica  havo  pointed 

been,  that  he  did  not  general  iko  Htill  moT^a  widely  udiI  boldly* 
ire,  therefore,  that  be  cannot  btit  bo  pbiood  amoug  tho  gr^at 
lere  in  the  studies  which  be  pursut*d ;  aiid  this  beiuff  tbe  caMti 
ho  look  with  pleasure  on  the  temltfitiy  of  the  tbouj^bu  of  ik& 

men  to  an  Intelligenoc  Ikr  higher  tbun  their  owo,  mu»tbe 
{ to  find  that  he  wns  aa  CDcunplo  of  thitt  tendency;  and  that 
Dowledgemetit  of  a  creative  purpose,  aa  w  ell  u  &  creative  power, 
r  entered  into  hifi  belief  bnt  made  tin  iudbpeiisabb  &ad  pmot^ 
ft  of  hia  philofiopby.  < 

— EntahUshment  and  ^ppliaitiG7t  of  the  Print-ipU  of  Jtfi  0»v 
dition^  of  Existence  of  Animals, —  Cuvier, 

'e  now  to  describe  mom  In  detail  the  doetriu^  which  Cnviisr 
nod  in  opposition  to  sui^  optttion^  a»  wn  hare  boei^spemlQn|p<if; 
ichf  in  bis  way  of  applying  it^  wc  lonk  vpon  aa  a  matwii} 
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jriori  connderatioi&B  can  snpplj,  has  long  preceded  the  knowledge  of 
Aen  as  real  and  verified  laws.  In  such  a  way  it  was  seen,  before 
levton,  that  the  motions  of  the  planets  must  result  from  at^iustion ; 
■d  so,  before  Du&y  and  Franklin,  it  was  held  that  electrical  actions 
■■t  result  from  a  fluid.  Cuvier's  merit  consisted,  not  in  seeing  that 
m  animal  cannot  exist  without  combining  all  the  conditions  of  its  exist- 
«ee;  bat  in  perceiving  that  this  truth  may  bo  taken  as  a  guide  in  our 
RMarehes  concerning  animals ; — ^that  the  mode  of  their  existence  may 
be  collected  from  one  part  of  their  structure,  and  then  applied  to  inter- 
fnt  ordetectanotherpart  He  went  on  the  supposition  not  only  that  ani- 
■al  forms  have  9ome  plan,  «om«  purpose,  but  that  they  have  an  intelligible 
phn,  a  discoverable  purpose.  He  proceeded  in  his  investigations  like 
the  decipherer  of  a  manuscript,  who  makes  out  his  alphabet  from  one 
part  of  the  context,  and  then  applies  it  to  read  the  rest  The  proof 
tibat  his  principle  was  something  very  different  from  an  identical  pro- 
position, is  to  be  found  in  the  fstct,  that  it  enabled  him  to  understand 
and  arrange  the  structures  of  animals  with  unprecedented  clearness  and 
eompleteness  of  order ;  and  to  restore  the  forms  of  the  extinct  animals 
vhidi  are  found  in  the  rocks  of  the  earth,  in  a  manner  which  has 
been  oniversally  assented  to  as  irresistibly  convincing.  These  results 
cannot  flow  from  a  trifling  or  barren  principle ;  and  they  show  us  that  if 
we  are  disposed  to  form  such  a  judgment  of  Cuvier's  doctrine,  it  must 
be  because  we  do  not  fully  apprehend  its  import. 

To  illostrate  this,  we  need  only  quote  the  statement  which  he  makes, 
and  the  uses  to  which  he  applies  it  Thus  in  the  Introduction  to  his 
great  work  on  Fossil  Remains  he  says,  "  Every  organized  being  forms 
an  entire  system  of  its  own,  all  the  parts  of  which  mutually  correspond, 
and  concur  to  produce  a  certain  definite  purpose  by  reciprocal  reaction, 
or  by  combining  to  the  same  end.  Hence  none  of  tliese  separate  parts 
can  change  their  forms  without  a  corresponding  change  in  the  other 
parts  of  the  same  animal ;  and  consequently  each  of  these  parts,  taken 
separately,  indicates  all  the  other  parts  to  which  it  has  belonged.  Thus, 
if  the  viscera  of  an  animal  are  so  organized  as  only  to  be  fitted  for  the 
digestion  of  recent  flesh,  it  is  also  requisite  that  the  jaws  should  be  so  con- 
itmcted  as  to  fit  them  for  devouring  prey;  the  claws  must  be  constructed 
fer  eeizing  it  and  tearing  it  to  pieces ;  the  teeth  for  cutting  and  dividing 
Its  flesh ;  the  entire  system  of  the  limbs  or  organs  of  motion  for  pur- 
suing and  overtaking  it ;  and  the  organs  of  sense  for  discovering  it  at 
a  distance.  Nature  must  also  have  endowed  the  brain  of  the  animal 
with  instincts  sufficient  for  concealing  itself  and  for  laying  plans  to 
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catch  ita  necessary  victims."*'  By  such  consideTatioiis  he  has  b< 
able  to  reconstrnct  the  whole  of  many  animals  of  which  parts  only  wi 
given ; — a  positive  result,  which  shows  both  the  reality  and  the  vi 
of  the  truth  on  which  he  wrought 

Another  great  example,  equally  showing  the  immense  importai 
of  this  principle  in  Cuviei^s  hands,  is  the  reform  which,  by  means 
it,  he  introduced  into  the  classification  of  animals.  Here  again 
may  quote  the  view  he  himself  has  given**  of  the  character  of  his  o 
improvements.  In  studying  the  physiology  of  the  natural  classes 
vertebrate  animals,  he  found,  he  says,  "'  in  the  respective  quanti^ 
their  respiration,  the  reason  of  the  quantity  of  their  motion,  and  o 
sequently  of  the  kind  of  locomotion.  This,  again,  furnishes  the  i 
son  for  the  forms  of  their  skeletons  and  muscles;  and  the  eneigy 
their  senses,  and  the  force  of  their  digestion,  are  in  a  necessary  { 
portion  to  the  same  quantity.  Thus  a  division  which  had  till  ti 
been  established,  like  that  of  vegetables,  only  upon  observation,  i 
found  to  rest  upon  causes  appreciable,  and  applicable  to  other  casi 
Accordingly,  he  applied  this  view  to  invertebrates; — examined 
modifications  which  take  place  in  their  organs  of  circulation,  respirafti 
and  sensation;  and  having  calculated  the  necessary  results  of  tb 
modifications,  he  deduced  from  it  a  new  division  of  those  animak 
which  they  are  arranged  according  to  their  true  relations. 

Such  have  been  some  of  the  results  of  the  principle  of  the  Coi 
tions  of  Existence,  as  applied  by  its  great  assertor. 

It  is  clear,  indeed,  that  such  a  principle  could  acquire  its  practa 
value  only  in  the  hands  of  a  person  intimately  acquainted  with  anato 
cal  details^  with  the  functions  of  the  organs,  and  with  their  variety 
different  animals.  It  is  only  by  means  of  such  nutriment  that 
embryo  truth  could  be  developed  into  a  vast  tree  of  science.  Bu< 
is  not  the  less  clear,  that  Cuvier's  immense  knowledge  and  great  p< 
ers  of  thought  led  to  their  results,  only  by  being  employed  under 
guidance  of  this  master-principle :  and,  therefore,  we  may  justly  coi 
der  it  as  the  distinctive  feature  of  his  speculations,  and  follow  it  ^ 
a  gratified  eye,  as  the  thread  of  gold  which  runs  through,  conne 
and  enriches  his  zoological  researches : — gives  them  a  deeper  intei 
and  a  higher  value  than  can  belong  to  any  view  of  the  oi^ni 
sciences,  in  which  the  very  essence  of  organization  is  kept  out 
sight 
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Hie  real  philotoplier,  who  knowi  that  all  the  kmdfl  of  troth  are  in- 
IJBrtiiily  ooimected,  and  that  all  the  best  hopes  and  enconngementB 
lUdi  axe  granted  to  oar  nature  most  be  consistent  with  troth,  wOl  bo 
■tilled  and  confiimed,  rather  than  surprised  and  disturbed,  thns  to 
iid  the  Naiaral  Sciences  leading  him  to  the  borders  of  a  higher  r^on. 
Ibhim  it  will  Mppen  natoral  and  reasonable,  that  after  jooroeying  so 
lag  amoi^  the  beantifnl  and  orderly  laws  by  which  the  universe  is 
gwmied,  we  find  ourselres  at  last  approaching  to  a  Source  of  order 
■d  knr, and  intellectaal  beauty : — that,  after  venturing  into  thereon 
if  life  and  feeling  and  will,  we  are  led  to  believe  the  Fountain  of  life 
siwiD  not  to  be  itself  unintelligent  and  dead,  but  to  be  a  living  Mind, 
aBower  which  aims  as  well  as  acts.  To  us  this  doctrine  appeurs  like 
Aa  natural  cadence  of  the  tones  to  which  we  have  so  long  been  listen- 
^;  and  without  such  a  final  strain  our  ears  would  have  been  left 
cming  and  unsatisfied.  We  have  been  lingering  long  amid  the  har- 
of  law  and  symmetry,  constancy  and  development;  and  these 
though  their  music  was  sweet  and  deep,  must  too  often  have 
waded  to  the  ear  of  our  moral  nature,  as  vague  and  unmeaning 
■fllodiei^  floating  in  the  air  around  us,  but  conveying  no  definite  thought, 
w^^^^  into  no  intelligible  announcement  But  one  passage  which 
we  have  again  and  agun  caught  by  snatches,  though  sometimes  inter- 
n^led  and  lost,  at  last  swells  in  our  ears  full,  clear,  and  decided ;  and 
tte  religious  **  Hymn  in  honor  of  the  Creator,"  to  which  Oalen  so 
^adly  lent  his  voice,  and  in  which  the  best  physiologists  of  succeeding 
tmes  have  ever  joined,  is  filled  into  a  richer  and  deeper  harmony  by 
Ae  greatest  philosophers  of  these  later  days,  and  will  roll  on  hereafter 
Ae  **  perpetual  song"  of  the  temple  of  science. 


I 


i-^^« 


"! 


BOOK  XVIII. 


THE  PALJBTJOLOGICAL   SCIENCS8 


HISTORY  OF  GEOLOGY. 


Vol.  n.— 82 


Di  quibus  imperimn  est  animarum,  UmbrsBqae  silentes. 
Et  Chaos,  et  Fhlegethon,  loca  nocte  sUentia  late, 
Sit  mihi  £u  audita  loqni ;  sit,  nmnine  vestro 
Pandere  res  alta  terrft  et  caligine  mersas. 

Virgil.    JSk  yi.  264. 

Ve  lOghty  Ones,  who  sway  the  Souls  that  go 
Amid  the  mazrels  of  the  world  below ! 
Ye,  silent  Shades,  who  sit  and  hear  aroimd ! 
Chaos !  and  Streams  that  bum  beneath  the  ground  I 
All,  all  forgive,  if  by  your  converse  stirred, 
My  lips  shall  utter  what  my  ears  have  heard ; 
If  I  shaU  speak  of  things  of  doubtful  birth, 
Deep  sunk  in  darkness,  as  deep  sunk  in  earth. 


INTRODUCTION. 


Of  the  Pal<Btiological  Sciences 

r\  now  approach  the  last  Class  of  Sciences  which  enter  into  the 
design  of  the  present  work ;  and  of  these,  Geology  is  the  repre- 
acntative,  whose  history  we  shall  therefore  briefly  follow.  By  the 
Class  of  Sciences  to  which  I  have  referred  it,  I  mean  to  point  ont 
those  researches  in  which  the  object  is,  to  ascend  from  the  present 
state  of  things  to  a  more  ancient  condition,  from  which  the  present  is 
deriyed  by  intelligible  canses. 

The  sciences  which  treat  of  causes  have  sometimes  been  termed 
atioioffical,  from  aiViot,  a  cause :  but  this  term  would  not  sufficiently 
describe  the  speculations  of  which  we  now  speak;  since  it  might 
include  sciences  which  treat  of  Permanent  Causality,  like  Mechanics, 
as  well  as  inquiries  concerning  Progressive  Causation.  The  investi- 
gations which  I  now  wish  to  group  together,  deal,  not  only  with  the 
possible,  but  with  the  actual  past;  and  a  portion  of  that  science  on 
which  we  are  about  to  enter,  Geology,  has  properly  been  termed  Fa* 
ktontology^  since  it  treats  of  beings  which  formerly  existed.*  Hence, 
combining  these  two  notions,"  PalcBtiology  appears  to  be  a  term  not 
inappropriate,  to  describe  those  speculations  which  thus  refer  to  actual 
past  events,  and  attempt  to  explain  them  by  laws  of  causation. 

Such  speculations  are  not  confined  to  the  world  of  inert  matter ; 
we  have  examples  of  them  in  inquiries  concerning  the  monuments  of 
the  art  and  labor  of  distant  ages ;  in  examinations  into  the  origin  and 
eariy  progress  of  states  and  cities,  customs  and  languages ;  as  well  as 
in  researches  concerning  the  causes  and  formations  of  mountains  and 
rocks,  the  imbedding  of  fossils  in  strata,  and  their  elevation  from  the 
bottom  of  the  ocean.  All  these  speculations  are  connected  by  this 
bond,— that  they  endeavor  to  ascend  to  a  past  state  of  things,  by  the 
aid  of  the  evidence  of  the  present    In  asserting,  with  Cuvier,  that 
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wlogist  is  &n  antiquary  of  »  new  order,*^  we  do  not  mark  « 
intl  supcrficiftl  reaembUnce  of  eropbymcDt  merely,  but  a  n?al 
osophical  conneation  of  the  principles  of  anvestigation.  Hun 
basils  which  occur  in  the  rock,  and  ttie  raedaJs  v^hich  wc  find 
itis  of  anciei^t  cities^  &ro  to  bo  gttidied  in  a  eimiUr  spirit  and 
111  fir  purpose.  Indeed,  it  b  uot  always  easy  to  know  where 
of  die  geolog]i?t  ends,  and  that  of  the  antiquary  begins*  The 
ancient  geography  may  involve  us  in  the  examination  of  tLcf 
r  wliich  the  fonuB  of  coa«t8  and  plains  ore  changed  ;  tho  an^ 
uad  or  scarped  rock  may  force  upau  us  tlit?  problem^  wbt^UnT 
IS  the  work  of  nature  or  of  man  ;  the  niiutid  leinjjie  xt^ 
be  traces  of  tinm  in  its  ohacged  levels  aud  aea-worn  ooluuiDi; 
[  the  antiquarian  of  the  eartli  may  bo  brought  into  the  very 
f  the  domain  belonging  to  the  antiquarian  of  art 
i  nnion  of  tbe£<i  different  kind*  of  archfloological  iuveatigatiouft 
actnj  repeatedly  ocourrod*  The  changes  which  have  taken 
the  temple  of  Jupiter  Serapis,  near  Ftuzuoli^  are  of  the  sort 
avc  juat  been  dewribed;  and  thiit  ia  only  one  e^tamplo  of  a 
3&  of  object* ;— the  monumentit  of  art  converted  into  recordi 

J  nvenlt.      And  on.  a  widfir  nrjilfL  Wi\  floil  nnv^lAr.  in  bin  innoi* 
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trains  of  change  is  similar,  and  offers  the  same  features  for  description, 
Hie  relics  and  ruins  of  the  earlier  states  are  preserved,  mutilated  and 
dead,  in  the  products  of  later  times.  The  analogical  figures  by  which 
we  are  tempted  to  express  this  relation  are  philosophically  true.  It  is 
more  than  a  mere  &nciful  description,  to  say  that  in  languages,  cus- 
toms, forms  of  Society,  political  institutions,  we  see  a  number  of  forma- 
tions super-imposed  upon  one  another,  each  of  which  is,  for  the  most 
part,  an  assemblage  of  fragments  and  results  of  the  preceding  con- 
dition. Though  our  comparison  mi^t  be  bold,  it  would  be  just, 
if  we  were  to  assert,  that  the  English  language  is  a  conglomerate 
of  Latin  words,  bound  together  in  a  Saxon  cement ;  the  fragments 
ci  the  Latin  being  partly  portions  introduced  directly  from  the 
parent  quarry,  with  all  their  sharp  edges,  and  partly  pebbles  of  the 
same  material,  obscured  and  shaped  by  long  rolling  in  a  Norman 
or  some  other  channel.  Thus  the  study  of  palsetiology  in  the  mate- 
imIb  of  the  earth,  is  only  a  tjrpe  of  similar  studies  with  respect  to 
all  the  elements,  which,  in  the  history  of  the  earth's  inhabitants, 
haTo  been  constantly  undergoing  a  series  of  connected  changes. 

But,  wide  as  is  the  view  which  such  considerations  give  us  of 
the  class  of  sciences  to  which  geology  belongs,  they  extend  still  fur- 
ther. **  The  science  of  the  changes  which  have  taken  place  in  the 
oiganio  kingdoms  of  nature,"  (such  is  the  description  which  has 
been  given  of  Geology,')  may,  by  following  another  set  of  connex- 
ions, be  extended  beyond  ^  the  modifications  of  the  surface  of  our 
own  planet**  For  we  cannot  doubt  that  some  resemblance  of  a  closer 
or  looser  kind,  has  obtained  between  the  changes  and  causes  of 
change,  on  other  bodies  of  the  universe,  and  on  our  own.  The 
appearances  of  something  of  the  kind  of  volcanic  action  -  on  the  sur- 
ftoe  of  the  moon,  are  not  to  be  mistaken.  And  the  inquiries  con- 
oeming  the  origin  of  our  planet  and  of  our  solar  system,  inquiries  to 
whieh  Geology  irresistibly  impels  her  students,  direct  us  to  ask 
what  information  the  rest  of  the  universe  can  supply,  bearing  upon 
this  subject  It  has  been  thought  by  some,  that  we  can  trace  sys- 
tems, more  or  less  like  our  solar  system,  in  the  process  of  forma- 
tion ;  the  nebulous  matter,  which  is  at  first  expansive  and  attenu- 
ated, condensing  gradually  into  suns  and  planets.  Whether  this 
IMidar  Hypothem  be  tenable  or  not,  I  shall  not  here  inquire ;  but 
the  discussion  of  such  a  question  would  be  closely  connected  with 


*  Lyell,  FrincipUi  of  Otology^  p.  1. 
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geology,  both  in  its  interests  and  in  its  methods.  If  men  are  ever 
able  to  frame  a  science  of  the  past  changes  by  which  the  nnivem 
has  been  bronght  into  its  present  condition,  this  science  will  be  pro- 
perly described  as  Cosmkal  PcUmtMogy. 

lliese  palflBtiological  sciences  might  properiy  be  called  historical,  ii 
that  term  were  sufficiently  precise :  for  they  are  all  of  the  nature  of 
history,  being  concerned  with  the  succession  of  eyents :  and  the  part 
of  history  which  deals  with  the  past  causes  of  events,  is,  in  fiict,  a 
moral  palsBtiology.  But  the  phrase  Naiund  MUiory  has  so  accns- 
tomed  us  to  a  use  of  the  word  history  in  which  we  have  nothing  to 
do  with  time,  that,  if  we  were  to  employ  the  word  historical  to  describe 
the  palsBtiological  sciences,  it  would  be  in  constant  danger  of  being  mis- 
understood. The  fact  is,  as  Mohs  has  said,  that  Natural  History,  when 
systematically  treated,  rigorously  excludes  all  that  is  historical ;  for  it 
classes  objects  by  their  permanent  and  universal  properties,  and  has 
nothing  to  do  with  the  narration  of  particular  and  casual  £eu^  And 
this  is  an  inconsistency  which  we  shall  not  attempt  to  rectify. 

All  pal»tiological  sciences,  since  they  undertake  to  refer  changes  to 
their  causes,  assume  a  certain  classification  of  the  phenomena  which 
change  brings  forth,  and  a  knowledge  of  the  operation  of  the  causes 
of  change.  These  phenomena,  these  causes,  are  very  different,  in  the 
branches  of  knowledge  which  I  have  thus  classed  together.  The 
natural  features  of  the  earth's  surface,  the  works  of  art,  the  institu- 
tions of  society,  the  forms  of  language,  taken  together,  are  undoubtedly 
a  very  wide  collection  of  subjects  of  speculation ;  and  the  kinds 
of  causation  which  apply  to  them  are  no  less  varied.  Of  the  causes 
of  change  in  the  inorganic  and  organic  world, — the  peculiar  principles 
of  Geology, — ^we  shall  hereafter  have  to  speak.  As  these  must  be 
studied  by  the  geologist,  so,  in  like  manner,  the  tendencies,  instincts, 
faculties,  principles,  which  direct  man  to  architecture  and  sculpture,  U> 
civil  government,  to  rational  and  grammatical  speech,  and  which  have 
determined  the  circumstances  of  his  progress  in  these  paths,  must  be 
in  a  great  d^ee  known  to  the  PalsBtiologist  of  Art,  of  Society,  and 
of  Language,  respectively,  in  order  that  he  may  speculate  soundly 
upon  his  peculiar  subject.  With  these  matters  we  shall  not  here 
meddle,  confining  ourselves,  in  our  exemplification  of  the  conditions 
and  progress  of  such  sciences,  to  the  case  of  Geology. 

The  journey  of  survey  which  we  have  attempted  to  perform  over 
the  field  of  human  knowledge,  although  carefully  directed  according 
to  the  paths  and  divisions  of  the  physical  sciences,  has  already 
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oondiicted  qb  to  the  boundaries  of  physical  science,  and  gives  us  a 
gUmpse  of  the  region  beyond  In  following  the  histoiy  of  Life,  we 
fbnnd  onnelTes  led  to  notice  the  perceptive  and  active  fiusulties  of 
man ;  it  appeared  that  there  was  a  ready  passage  from  physiology  to 
pi^chology,  from  physics  to  metaphysics.  In  the  class  of  sciences 
now  under  notice,  we  are,  at  a  different  point,  carried  from  the  world 
cf  matter  to  the  world  of  thought  and  feeling, — ^from  things  to  men. 
For,  as  we  have  ahready  said,  the  science  of  the  causes  of  change  in- 
cludes the  productions  of  Man  as  well  as  of  Nature.  The  history  of 
the  earth,  and  the  history  of  the  earth's  inhabitants,  as  collected  from 
pheD<Hnena,  are  governed  by  the  same  principles.  Thus  the  portions 
of  knowledge  which  seek  to  travel  back  towards  the  origin,  whether 
of  inert  things  or  of  the  works  of  man,  resemble  each  other.  Both  of 
them  treat  of  events  as  connected  by  the  thread  of  time  and  causation. 
In  both  we  endeavor  to  learn  accurately  what  the  present  is,  and  hence 
what  the  past  has  been.  Both  are  historical  sciences  in  the  same  sense. 

It  must  be  recollected  that  I  am  now  speaking  of  history  as  »tiolo- 
pcal ; — as  it  investigates  causes,  and  as  it  does  this  in  a  scientific,  that 
is,  in  a  rigorous  and  systematic,  manner.  And  I  may  observe  here, 
thooj^  I  cannot  now  dwell  on  the  subject,  that  all  SBtiological 
adences  will  consist  of  three  portions ;  the  Description  of  the  facts  and 
phenomena ; — ^the  general  Theory  of  the  causes  of  change  appropriate 
to  the  case ; — and  the  Application  of  the  theory  to  the  &cts.  Thus, 
taking  Geology  for  our  example,  we  must  have,  &ni  Descriptive  or 
Phenomenal  Oeology ;  next,  the  exposition  of  the  general  principles 
by  which  such  phenomena  can  be  produced,  which  we  may  term 
Otologieal  Dynamics  ;  and,  lastly,  doctrines  hence  derived,  as  to  what 
have  been  the  causes  of  the  existing  state  of  things,  which  wc  may  call 
Physical  Oeology. 

These  three  branches  of  geology  may  be  found  frequently  or  con- 
stantly combined  in  the  works  of  writers  on  the  subject,  and  it  may 
not  always  be  easy  to  discriminate  exactly  what  belongs  to  each 
inbject^    But  the  analogy  of  this  science  with  others,  its  present 


^  The  Wernerians,  in  distingoiahiDg  their  stady  frmn  Otology,  and  desig- 
nating it  as  Geognosy,  the  knowledge  of  the  earth,  appear  to  have  intended  to 
seleet  Deaeriptiye  Geology  for  Uieir  peculiar  field.  In  like  manner,  the 
original  aim  of  the  Geological  Society  of  London,  which  was  formed  (1807) 
**  with  a  view  to  record  and  multiply  obseryations,"  recognized  the  possibility 
of  a  Dsseiqitive  Osology  aeparato  from  the  other  portions  of  the  science. 
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and  future  fottunes,  'wiU  ddtiv^  great  itloetrfttion  from  such 
tion  of  Its  history  ;  and  in  this  point  of  view,  therefore,  we 
fly  treat  of  it ;  dividing  tho  history  of  Geological  Dynamicfs 
ie  of  convenience  into  two  ChspterB,  on«  Tieferring  to  inor- 
i  one  to  organic,  phetiouiGna. 


DESCRIPnVE  GEOLOGY. 


CHAPTER  I. 

PbELUDX  to  StSTXMATIO  DxSCRIPTiyX  GXOLOOT. 


Sect.  1. — Ancient  Notices  of  Geological  Facta, 

flE  recent  history  of  Geology,  as  to  its  most  important  points,  is 
bonnd  np  with  what  is  doing  at  present  from  day  to  day;  andfhat 
portion  of  the  history  of  the  science  which  belongs  to  the  pasty  has 
been  amply  treated  by  other  writers.^  I  shall,  therefore,  pass  rapidly 
crer  the  series  of  events  of  which  this  history  consists ;  and  shall  only 
attempt  to  mention  what  may  seem  to  illustrate  and  confirm  my  own 
new  of  its  state  and  principles. 

Agreeably  to  the  order  already  pointed  oat,  I  shall  notice,  in  the  first 
place,  Phenomenal  Geology,  or  the  description  of  the  facts,  as  distinct 
from  the  inquiry  into  their  causes.  It  is  manifest  that  such  a  merely 
descriptive  kind  of  knowledge  may  exist ;  and  it  probably  will  not  be 
contested,  that  such  knowledge  ought  to  be  collected,  before  we 
attempt  to  frame  theories  concerning  the  causes  of  the  phenomena. 
But  it  must  be  observed,  that  we  are  here  speaking  of  the  formation 
of  a  science  ;  and  that  it  is  not  a  collection  of  miscellaneous,  uncon- 
nected, unarranged  knowledge  that  can  be  considered  as  constituting 
science ;  but  a  methodical,  coherent,  and,  as  far  as  possible,  complete 
body  of  facts,  exhibiting  fully  the  condition  of  the  earth  as  regards 
those  circumstances  which  arc  the  subject  matter  of  geological  specu- 
lation. Such  a  Descriptive  Geology  is  a  pre-requisite  to  Physical 
Geology,  just  as  Phenomenal  Astronomy  necessarily  preceded  Physical 
Astronomy,  or  as  Classificatory  Botany  is  a  necessary  accompaniment 
to  Botanical  Physiology.  We  may  observe  also  that  Descriptive  Geo- 
logy, such  as  we  now  speak  ofi  is  one  of  the  classificatory  sciences,  like 

>  As  MM.  Lyell,  Fitton,  Conybesre,  in  onr  own  ooimtry. 
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Mineralogy  or  Botany  :  and  will  be  found  to  exhibit  some  of  the  fea- 
tures of  Uiat  clasB  of  sciences. 

Since,  then,  our  History  of  Descriptrre  Geology  is  to  include  only 
systematic  and  scientific  descriptions  of  the  earth  or  portions  of  it,  ve 
pass  over,  at  once,  all  the  casual  and  insulated  statements  of  facta, 
though  they  may  be  geological  facts,  which  occur  in  eariy  writers; 
such,  for  instance,  as  the  remark  of  Herodotus,'  that  there  are  shells 
in  the  mountains  of  Egypt ;  or  the  general  statements  which  Ovid  pots 
in  the  mouth  of  Pythagoras :' 

Yidi  ego  quod  fiierat  eolidiaBima  telliis, 
Eflsefretnm;  vidi  fiactas  ex  nquore  terras, 
Et  prooul  a  pelago  conduB  jacnere  marina*^ 

We  may  remark  here  already  how  generally  there  are  mingled  with 
descriptive  notices  of  such  geological  &cts,  speculations  concemiiig 
their  causes.  Herodotus  refers  to  the  circumstance  just  quoted,  for  the 
purpose  of  showing  that  Egypt  was  formerly  a  gulf  of  the  sea ;  and 
the  passage  of  the  Roman  poet  is  part  of  a  series  of  exemplifications 
which  he  gives  of  the  philosophical  tenet,  that  nothing  perishes  but 
everything  changes.  It  will  be  only  by  constant  attention  that  we 
shall  be  able  to  keep  our  provinces  of  geology  distinct. 

Sect.  2,^Early  Descriptions  and  Collections  of  Fossils, 

If  we  look,  as  we  have  proposed  to  do,  for  systematic  and  exact  know- 
ledge of  geological  facts,  we  find  nothing  which  we  can  properly 
adduce  till  we  come  to  modem  times.  But  when  facts  such  as  those  • 
already  mentioned,  (that  sea-shells  and  other  marine  objects  are  found 
imbedded  in  rocks,)  and  other  circumstances  in  the  structure  of  the 
earth,  had  attracted  considerable  attention,  the  exact  examination,  col- 
lection, and  record  of  these  circumstances  began  to  be  attempted. 
Among  such  steps  in  Descriptive  Geology,  we  may  notice  descriptions 
and  pictures  of  fossils,  descriptions  of  veins  and  mines,  collections  of 
organic  and  inorganic  fossils,  maps  of  the  mineral  structure  of  coun- 
tries, and  finally,  the  discoveries  concerning  the  superposition  of  strata, 
the  constancy  of  their  organic  contents,  their  correspondence  in  differ- 
ent countries,  and  such  great  general  relations  of  the  materials  and 
features  of  the  earth  as  have  been  discovered  up  to  the  present  time. 

'  ii  12.  '  Met  XV.  868. 
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Without  attempting  to  assign  to  every  important  advance  its  author,  I 
ihall  briefly  exemplify  each  of  the  modes  of  contributing  to  descriptive 
geology  which  I  have  just  enumerated. 

Hie  study  of  organic  fossils  was  first  pursued  with  connexion  and  sys- 
tm  in  Italy.  The  hills  which  on  each  side  skirt  the  mountain-range 
of  the  Apennines  are  singularly  rich  in  remains  of  marine  animals. 
When  these  remarkable  objects  drew  the  attention  of  thoughtful  men, 
oontroversies  soon  arose  whether  they  really  were  the  remains  of  livii^ 
erettures,  or  the  productions  of  some  capricious  or  mysterious  power 
bf  which  the  forms  of  such  creatures  were  mimicked ;  and  again,  if 
the  shells  were  really  the  spoils  of  the  sea,  whether  they  had  b^n  car- 
ried to  the  hills  by  the  deluge  of  which  the  Scripture  speaks,  or 
whether  they  indicated  revolutions  of  the  earth  of  a  different  kind. 
Ihe  earlier  wbrks  which  contain  the  descriptions  of  the  phenomena 
have,  in  almost  all  instances,  by  fsa  the  greater  part  of  their  pages 
oecapied  with  these  speculations ;  indeed,  the  &cts  could  not  be  studied 
without  leading  to  such  inferences,  and  would  not  have  been  collected 
bat  for  the  interest  which  such  reasonings  possessed.  As  one 
of  the  first  persons  who  applied  a  sound  and  vigorous  intellect  to 
these  subjects,  we  may  notice  tiie  celebrated  pamter  Leonardo  da 
Yind,  whom  we  have  already  had  to  refer  to  as  one  of  the  founders 
of  the  modem  mechanical  sciences.  He  strenuously  asserts  the 
contents  of  the  rocks  to  be  real  shells,  and  maintains  the  reality  of 
the  changes  of  the  domain  of  land  and  sea  which  these  spoils  of  the 
ocean  imply.  "You  will  tell  me,"  he  says,  "that  nature  and  the 
influence  of  the  stars  have  formed  these  shelly  forms  in  the  moun- 
taiBS ;  then  show  me  a  place  in  the  mountains  where  the  stars  at  the 
present  day  make  shelly  forms  of  different  ages,  and  of  different  spe- 
cies in  the  same  place.  And  how,  with  that,  will  you  explain  the 
gravel  which  is  hardened  in  stages  at  different  heights  in  the  moun- 
taiDB  f  He  then  mentions  several  other  particulars  respecting  these 
evidences  that  the  existing  mountains  were  formerly  in  the  bed  of  the 
sea.  Leonardo  died  in  1519.  At  present  we  refer  to  geological 
enays  like  his,  only  so  far  as  they  are  descriptive.  Going  onwards 
with  this  view,  we  may  notice  Fracastoro,  who  wrote  concerning  the 
petrifactions  which  were  brought  to  light  in  the  mountains  of  Verona, 
when,  in  1517,  they  were  excavated  for  the  purpose  of  repairing  the 
city.  Littie  was  done  in  the  way  of  collection  of  facts  for  some  time 
after  this.  In  1669,  Steno,  a  Dane  resident  in  Italy,  put  forth  his 
,  De  Solido  intra  Solidum  naturaliter  contento  ;  and  the  fol 
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ar,  Auguf^tino  Seilla,  &  Sidliiu)  pmitt<ir,  publiiiliQil  &  LmXin 
t  CorporibhL^  MarinU  Lapidfvceuti^f*'^  ^^'^'-'nijj^j  by  good 
B  of  fossU-sbells,  teeth  J  and  coritlsi/  >   lihrr  iiituwj 

itive  controvtrsyi  we  come  to  ^\ntomo  Vaiijimorj,  whoaslot^ 
Corpi  Maritti  the  *u'  Munii  »i  iroi^iuo^  apfJt'iinKl  at  V^niot 
III  these  letters  he  deacribiJM  the  fusAiIw  uf  Montt;  Balc^  Ktul 
U»  trace  the  extent  of  tlie  marine  U*i|MHiU  of  Italy/  ntjd  to 
h  the  iuo8t  important  of  Uifi  fofiails.  Similar  defcariptiiMM 
C6  were  pub^uhod  with  refei^nce  to  ou?  owb  ouunity  bX  m 
oil.  In  170G,  BnDdef^B  FobzUiQ  HantooMtMy  ot  Hamp* 
^s^  j4pp«^rcd  ;  ooBtuning  eicelietit  igatw  of  foaeil  sbtUt 
rt  of  the  &4>uth  eout  of  EngUnd  ;  and  ahnikr  worka  caaM 
ther  J>art6  of  Euiope* 

er  e^act  might  bo  thd  dcficript]OT>»  and  fignrca  thus  prodiNad^ 
d  not  give  such  compicto  itifonnatioa  aa  the  objccta  1 
tlec4€d  and  ^>ennan«ntjy  presented  in  iti;prMgmft,  Va 
t  having  U>giin  to  colkot  foenU  for  tb(^  purpoM  of  i 
t  selected  tht'  befit,  and  pre^oned  tliem  ^  as  a  noblo  dtveniofl 
OK  coriona*^  The  tntuottiD  of  Calceotariu&  at  \k 
;Gl«bfatdd  coiU^ctton  of  aitcb  romainfl^    A  copiooa  i 


FBSLUDlB  W  JMOBXnrVE  CklOLOGY.  609 

at  tfie  mne  time  a  profesBonhip  of  the  stady  of  geology.  The  Wood- 
waidiaii  Mtuetmi  still  sabsistSy  a  monument  of  the  sagacitj  with  which 
to  author  so  eariy  saw  the  importance  of  such  a  collection. 

OoUections  and  descriptions  of  fossils,  including  in  the  term  speci- 
meaa  of  mraerals  of  all  kinds,  as  well  as  organic  remains,  were  fre* 
tpmAj  made,  and  especially  in  places  where  mining  was  cnltiTated ; 
bat  under  such  circumstances,  they  scarcely  tended  at  all  to  that 
goneral  and  complete  knowledge  of  the  earth  of  which  we  are  now 
traciiig  the  progress. 

I&  more  modem  times,  collections  may  be  said  to  be  the  most 
important  books  of  the  geologist,  at  least  next  to  the  strata  themselves. 
Tke  identifications  and  arrangements  of  our  best  geologists,  the 
immense  studies  of  fossil  anatomy  by  Cuvier  and  others,  hare  been 
eoodueted  mainly  by  means  of  collections  of  specimens.  They  are 
i  important  in  this  study  than  in  botany,  because  specimens  which 
I  important  geological  information  are  both  more  rare  and  more 
Plants,  though  each  individual  is  perishable,  perpetuate 
and  diffuse  tiieir  kind ;  while  the  organic  impression  on  a  stone,  if  loet^ 
may  sever  occur  in  a  second  instance ;  but,  on  the  other  hand,  if  it 
be  pteaerved  in  the  museum,  the  individual  is  almost  as  permanent  in 
this  oaae^  aa  the  species  in  the  other. 

I  ahall  proceed  to  notice  another  mode  in  which  such  information 
was  conveyed. 

Sect.  8. — First  Construction  of  Geological  Maps. 

Db.  Lbbtsb,  a  learned  physician,  sent  to  the  Royal  Society,  in  1088,  a 
pwpoial  for  maps  of  soils  or  minerals ;  in  which  he  suggested  that  in 
the  map  of  England,  for  example,  each  soil  and  its  boundaries  might 
be  distinguished  by  color,  or  in  some  other  way.  Such  a  mode  of  ex* 
jneaafaig  and  connecting  our  knowledge  of  the  materials  of  the  earth 
was^  perhaps,  obvious,  when  the  mass  of  knowledge  became  conside- 
rhUe.  In  1720,  Fontenelle,  in  his  observations  on  a  paper  of  Do  Reau- 
mmr's,  which  contained  an  account  of  a  deposit  of  fossil-shells  in  Tou- 
raine,  says,  that  in  order  to  reason  on  such  cases,  ^  we  must  have  a 
kind  of  geographical  charts,  constructed  according  to  the  collection 
of  shells  found  in  the  earth."  But  he  justly  adds,  "  What  a  quantity 
of  observations,  and  what  time  would  it  not  require  to  form  such 
mapsT 
The  execution  of  such  projects  required,  not  merely  great  labor,  but 
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^ps  in  generali^fl^Uon  mud  daMificatioD^  before  it  conld  Uke 
UJl  such  attempta  were  made,  hi  1743,  was  published^  A 
osophicfxhorogtQpliical  Chart  of  E^Jst  K^/it,  invented  and 

by  Christopher  Pflcke,  MJ), ;  in  which,  however,  tho  main 
-atber  to  cspreaa  tbe  coarse  of  the  vallcj »  than  the  umU^riids 
ttntry.  Guettard  forraod  the  project  of  u  tiuijem1ogic«i  nuip 
,  and  Monnot  carried  this  echome  into  effect  in  l7ao,*  **by 
Jke  king."  In  these  msps,  however,  tbo  country  ia  not  con- 
^  divided  into  eoiU,  atill  le^  strata ;  but  eacb  p&rt  ifl  Diark«d 
redominant  mineral  only.  Tho  spirit  of  goncraiieation  wbJcli , 
3  tho  main  valne  of  Bocb  a  work  is  wanting, 
ical  maps  belong  strictly  to  DescTiptive  Geology ;  th^y  art 
those  vfv]c  and  doubtful  EtpecQlations  which  fonn  bo  Large  a 
r  the  earlier  geologicel  books.  Vet  oven  geological  oiape 
e  usefully  or  conftistently  constructed  without  considenable 
:la£ai£catioD  And  gene rill^at ion.     "When,  in  our  own  timey 

were  become  weary  of  controversies  respecting  theory,  they 
temselves  with  ertmordinary  zeal  to  the  constmction  of  atiult 

maps  of  various  countries;  flattering  thcmftetvei^  that  in  tkii 

were  merely  recording  incontestable  facta  and  diirefence& 
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CHAPTER  n. 
Formation  ov  Ststsmatio  DBSCBipnys  GsoLOor. 


SicL  1. — Diicovery  of  the  Order  and  Stratification  of  the  Materials 
of  the  Earth. 

fTAT  the  sabfitances  of  which  the  earth  is  framed  are  not  scattered 
and  mixed  at  random,  but  possess  identity  and  continuity  to  a 
enaderable  extent.  Lister  was  aware,  when  he  proposed  his  map.  But 
there  is,  in  his  suggestions,  nothing  relating  to  stratification;  nor  any 
order  of  position,  still  less  of  time,  assigned  to  these  materials.  Wood- 
ward, however,  appears  to  have  been  fiilly  aware  of  the  general  law.  of 
fltatification.  On  collecting  information  from  all  parts,  ^  the  result 
was,"  he  says,  ^  that  in  time  I  was  abundantly  assured  that  the  circum- 
ttaooes  of  these  things  in  remoter  countries  were  much  the  same  with 
du»e  of  ours  here :  that  the  stone,  and  other  terrestrial  matter  in 
France,  Flanders,  Holland,  Spain,  Italy,  Germany,  Denmark,  and 
Sweden,  was  distinguished  into  strata  or  layers^  as  it  is  in  England ; 
that  Uiese  strata  were  divided  by  parallel  fissures;  that  there  were 
enclosed  in  the  stone  and  all  the  other  denser  kinds  of  terrestrial 
matter,  great  numbers  of  the  shells,  and  other  productions  of  the 
sea,  in  the  same  manner  as  in  that  of  this  island."*  So  remarka- 
ble a  truth,  thus  collected  from  a  copious  collection  of  particulars 
by  a  patient  induction,  was  an  important  step  in  the  science. 

These  general  facts  now  began  to  be  conmionly  recognized,  and  fol- 
lowed into  detail.  Stukely  the  antiquary*  (1*724),  remarked  an  im- 
portant feature  in  the  strata  of  England,  that  their  escarpments^  or 
steepest  sides,  are  turned  towards  the  west  and  north-west ;  and  Stra- 
chey*  (1^19),  gave  a  stratigraphical  description  of  certain  coal-mines 
near  Bath.*    Michell,  appointed  Woodwardian  Professor  at  Cambridge 


*  Natural  ffUtory  of  the  Earth,  1728. 
'  Itinertnium  Ourumtm,  1724. 

*  Phil  Trans.  1119,  and  Obtervation*  an  Strata,  de.  1729. 

*  FittoD,  Annals  of  Philosophy,  N.  a  vol  i  and  iL  (18S8,  '8^  ^  167. 


us  .aeaoHT  .oat  imowar^  -    . 

in  1762,  described  this  stratified  Btroctare  of  the  earth  far  more  dia- 
tinctly  than  his  predecessors,  and  pointed  out,  as  the  consequence  o£ 
it,  that  ^  the  same  kinds  of  earths,  stones,  and  minerals,  will  appear  it 
the  sorface  of  the  earth  in  long  parallel  slips,  parallel  to  the  h»g 
ridges  of  mountains ;  and  so,  in  &ct,  we  find  them."  * 

Michell  (as  appeared  by  papers  of  his  which  were  examined  after 
his  death)  had  made  himse^  acquainted  with  the  aeriea  of  En^^ 
strata  which  thns  occnr  from  Cambridge  to  York ; — ^that  is,  from  the 
chalk  to  the  coaL  These  relations  of  position  required  that  geologicdl 
maps,  to  complete  the  information  they  conyeyed,  should  be  accompa- 
nied by  geological  SeetioM^  or  imaginary  representations  of  the  order 
and  mode  of  superpositions,  as  well  as  of  the  superficial  extent  of  tte 
strata,  as  in  more  recent  times  has  usually  been  done.  The  strata,  |i 
we  travel  from  the  higher  to  the  lower,  come  from  under  each  other 
into  view ;  and  this  outcropping^  hasseting^  or  by  whatever  other  term 
it  is  described,  is  an  important  feature  in  their  description. 

It  was  further  noticed  that  these  relations  of  position  were  combined 
with  other  important  facts,  which  irresistibly  suggested  the  notion  of  s 
relation  in  time.  This,  indeed,  was  implied  in  all  theories  of  the  earth ; 
but  observations  of  the  facts  most  require  our  notice.  Steno  is  asserted 
by  Humboldt*  to  be  the  first  who  (in  1669)  distinguished  between 
rocks  anterior  to  the  existence  of  plants  and  animals  upon  the  globe^ 
containing  therefore  no  organic  remains ;  and  rocks  super-imposed  on 
these,  and  full  of  such  remains ;  ^  turbidi  maris  sedimenta  sibi  invicem 
imposita." 

Bouelle  is  stated  by  his  pupil  Desmarest,  to  have  made  some  addi- 
tional and  important  observations.  "  He  saw,^  it  is  said,  ^  that  the 
shells  which  occur  in  rocks  were  not  the  same  in  all  countries ;  that 
cortidn  species  occur  together,  while  others  do  not  occur  in  the  same 
beds ;  that  there  is  a  constant  order  in  the  arrangement  of  these  shells, 
certain  species  lying  in  distinct  bands."  ^ 

Such  divisions  as  these  required  to  be  marked  by  technical  names. 
A  distinction  was  made  of  Vancienne  terre  and  la  nouvelU  terre^  to 
which  Bouelle  added  a  travaille  intermidtaire,  Rouelle  died  in  1770, 
having  been  known  by  lectures,  not  by  books.  Lehman,  in  1766, 
claims  for  himself  the  credit  of  being  the  first  to  observe  and  describe 
correctly  the  structure  of  stratified  countries ;   being  ignorant,  pro- 


'  Phil  TVmul  176a  •  jBmmU  Oiognatiiqu€, 

^  EncjfL  Mkkti  €h9fr.  Fhy.  torn,  i  p.  416»  quoted l^  Fittoa  asabove^  p  169 
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bebly,  of  the  labon  of  Strachey  in  England.  He  divided  monntains 
into  three  claiiBce  ;*  priffUtivey  which  were  fonned  with  the  world  ;— 
those  which  reeolted  from  a  partial  destmction  of  the  primitive  rocka ; 
—And  a  third  class  resoltiDg  from  local  or  nniveraal  deluges.  In 
1759*  also,  Aiduine,*  in  his  Memoirs  on  the  mountains  of  Padna, 
Yicensay  and  Yerona,  deduced,  from  original  observations,  the  dis- 
tinotioD  of  rocks  into  primary j  aecondartfy  and  tertiary. 

The  relations  of  position  and  fossils  were,  from  this  period,  in- 
■epanUy  connected  with  opinions  concerning  succession  in  time. 
Odoardi  remarked,^*  that  the  strata  of  the  Sabapennine  hills  are 
mne09^cmMhl$  to  those  of  the  Apennine,  (as  Strachey  had  observed, 
thflfctiie  strata  above  the  coal  were  unconformable  to  ihe  coal  ;^^)  and 
hk  wcik  contained  a  clear  argument  respecting  the  different  ages  of 
these  two  classes  of  hills.  Fuchsel  was,  in  1762,  aware  of  the  distinct- 
ness of  stnta  of  different  ages  in  Germany.  Pallas  and  Saussure  were 
guided  by  general  views  of  the  same  kind  in  observing  the  countries 
which  they  visited :  but,  perhaps,  the  general  circulation  of  such 
BOti<»s  was  most  due  to  Werner. 

Sect,  2. — Systematic  form  ffiven  to  Deaeriptive  Oeology, — Werner, 

Wbrvxb  expressed  the  general  relations  of  the  strata  of  the  earth  by 
means  of  obsBifications  which,  so  far  as  general  applicability  is  con* 
oemedy  are  extremely  imperfect  and  arbitrary;  he  promulgated  a 
theory  which  almost  entirely  neglected  all  the  facts  previously  die- 
ooiveied  respecting  the  grouping  of  fossils, — which  was  founded  upon 
observations  made  in  a  very  limited  district  of  Qermany, — and  which 
waa  contradicted  even  by  the  fitcts  of  this  district.  Yet  the  acuteness 
of  his  discrimination  in  the  subjects  which  he  studied,  the  generality 
of  the  tenets  he  asserted,  and  the  charm  which  he  threw  about  his 
^>ecaktions,  gave  to  Geol<^,  or,  as  he  termed  it.  Geognosy^  a  popu- 
Inri^  and  reputation  which  it  had  never  before  possessed.  His 
system  had  asserted  certain  universal  formations,  whidi  followed  each 
othor  in  a  constant  order; — granite  the  lowest, — ^then  mica-skte  and 
olayHdate ; — upon  these  primitive  rocks,  generally  highly  inclined,  rest 
other  traneitian  strata ; — ^upon  these,  lie  secondary  ones,  which  being 
more  nearly  horizontal,  are  called  fldtz  or  flat    The  term  formation^ 
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which  we  have  thoB  introduced,  indieatiiig  gionps  which,  bj  eridenoe 
of  all  kinds,— of  their  materials,  their  position,  and  their  organic  con- 
tents,— are  judged  to  belong  to  the  same  period,  implies  no  mall 
amount  of  theory :  yet  this  term,  from  this  time  forth,  m  to  be  looiked 
upon  as  a  term  of  dassification  solely,  so  fiff  as  classification  can  be 
separately  attended  to. 

Werner's  distinctions  of  strata  were  for  the  most  part  drawn  from 
mineralogical  constitution.  Doubtless,  he  could  notfrtil  to  perceive 
the  great  importance  of  organic  fosnls.  ^  I  was  witness,"  says  IL  ds 
Humboldt,  one  of  his  most  philosophical  followers,  ^of  the  lively 
satis&ction  which  he  felt  when,  in  1792,  M.  de  Schlotheim,  one  of  the 
most  distinguished  geol(^Bts  of  the  school  of  Freiberg,  b^an  to  makt 
the  relations  of  fossils  to  strata  the  principal  object  of  his  stodieSb" 
But  Werner  and  the  disciples  of  his  school,  even  the  most  enlightened 
of  them,  never  employed  the  characters  derived  from  organic  reoumn 
with  the  same  boldness  and  perseverance  as  those  who  had  from  the 
first  considered  them  as  the  leading  phenomena :  thus  M.  de  Hum- 
boldt expresses  doubts  which  perhaps  many  other  geologists  do  not 
feel  when,  in  1823,  he  says,  ^' Are  we  justified  in  concluding  that  sO 
formations  are  characterized  by  particular  species!  that  the  fossil- 
shells  of  the  chalk,  the  muschelkalk,  the  Jura  limestone,  and  the 
Alpine  limestone,  are  all  different  ?  1  think  this  would  be  pushing  the 
induction  much  too  fjEW.""  In  Prof.  Jamieson's  Otopnosy^  which  may 
be  taken  as  a  representation  of  the  Wemerian  doctrines,  organic  fossils 
are  in  no  instance  referred  to  as  characters  of  formations  or  strata. 
After  the  curious  and  important  evidence,  contained  in  organic  fossils, 
which  had  been  brought  into  view  by  the  labors  of  Italian,  English, 
and  German  writers,  the  promulgation  of  a  system  of  Descriptive 
Geology,  in  which  all  this  evidence  was  neglected,  cannot  be  con- 
sidered otherwise  than  as  a  retrograde  step  in  science. 

Werner  maintained  the  aqueous  deposition  of  all  strata  above  the 
primitive  rocks ;  even  of  those  trap  rocks,  to  which,  from  their  resem- 
blance to  lava  and  other  phenomena,  Raspe,  Arduino,  and  others,  had 
already  assigned  a  volcanic  origin.  The  fierce  and  long  controversy 
between  the  Vulcanists  and  JVeptunists^  which  this  dogma  excited,  does 
not  belong  to  this  part  of  our  history ;  but  the  discovery  of  veins  of 
granite  penetrating  the  superincumbent  slate,  to  which  the  controversy 
led,  was  an  important  event  in  descriptive  geology.    Hutton,  the 
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tntlioir  of  the  theory  of  igneous  caiuatioii  which  was  in  this  oonntrj 
opposed  to  that  of  Werner,  sought  and  found  this  phenomen<m  in  the 
Asmpian  hiUs,  in  1785.  This  supposed  yerification  of  his  system 
•*  filled  him  with  delight,  and  called  forth  such  marks  of  joy  and  exal- 
tation, that  the  gnides  who  accompanied  him  were  persuaded,  says  his 
biograi^er,*'  tiiat  he  must  have  discovered  a  vein  of  silver  or  gold."^* 

Deniarest^s  examination  of  Auvergne  (1768)  showed  that  there  was 
there  an  instance  of  a  country  which  could  not  even  be  described  with- 
out terms  implying  that  the  basalt,  which  covered  so  large  a  portion 
of  itf  had  flowed  from  the  craters  of  extinct  volcanoes.  His  map  of 
Avreigne  was  an  excellent  example  of  a  survey  of  such  a  country,  thus 
eftiiibituig  features  quite  different  from  those  of  common  stratified 
oonntries.^* 

The  fitets  connected  with  metalliferous  veins  were  also  objects  of 
Wernei's  attention.  A  knowledge  of  such  frtcts  is  valuable  to  flie 
geologist  as  well  as  to  the  miner,  although  even  yet  much  difficulty 
flktenda  all  attempts  to  theorize  concerning  them.  The  fiicts  of  thk 
nature  have  been  collected  in  great  abundance  in  all  mining  districts ; 
and  fnrm  a  prominent  part  of  the  descriptive  geology  of  such  districts ; 
as^  for  example,  the  Hartz,  and  Cornwall. 

Without  forther  pursuing  the  history  of  the  knowledge  of  the  inor- 
ganic i^enomena  of  the  earth,  I  turn  to  a  still  richer  department  of 
geology,  which  is  concerned  with  organic  fossils. 

Sect  8. — Application  of  Organic  Remains  as  a  Geological  Character. 

—Smith. 

BovxLLX  and  Odoardi  had  perceived,  as  we  have  seen,  that  fossils  were 
grouped  in  bands :  but  from  this  general  observation  to  the  execution 
of  a  survey  of  a  large  kingdom,  founded  upon  this  principle,  would 
have  been  a  vast  stride,  even  if  the  author  of  it  had  been  aware  of  the 
doctrines  thus  asserted  by  these  writers.  In  frtct,  however,  William 
Smith  executed  such  a  survey  of  England,  with  no  other  guide  or  help 
thaa  his  own  sagacity  and  perseverance.  In  his  employments  as  a 
civil  engmeer,  he  noticed  the  remarkable  continuity  and  constant  order 
of  the  strata  in  the  neighborhood  of  Bath,  as  discriminated  by  their 
foanls ;  and  about  the  year  1798,  he^'  drew  up  a  Tabular  View  of  the 
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strata  of  that  distriot,  which  contained  the  genn  of  hia  aabaeqnent  dia- 
eoTeries.  Finding  in  the  north  of  England  the  same  atrata  and 
anociations  of  strata  with  which  he  had  become  acquainted  in  the 
west,  he  was  led  to  name  them  and  to  represent  them  bj  means  of 
maps,  according  to  their  occurrence  over  the  whole  £GU)e  of  England. 
These  maps  appeared'^  in  1815 ;  and  a  work  by  the  same  author, 
entitled  The  Engluk  Strata  idmtiJM  by  Oryame  JSemain$^  came  forth 
later.  But  the  views  on  which  this  identification  of  strata  restSi  bdoag 
to  a  considerably  earlier  date;  and  had  not  only  been  acted  upon,  bat 
freely  imparted  in  conversation  many  years  before. 

In  the  meantime  the  study  of  fossils  was  pursued  with  seal  in  vaii- 
ous  countries.  Lamarck  and  Defrance  employed  themselves  is 
determining  the  fossil  shells  of  the  neighborhood  of  Paris  ;^*  and  the 
interest  inspired  by  this  subject  was  strongly  nourishod  and  stinmlated 
by  the  memorable  work  of  Ouvier  and  Brongniart,  On  the  JStmrau 
cf  Paris,  published  in  1811,  and  by  Cuvier's  subsequent  reaeaidies  od 
tiie  subjects  thus  brought  under  notice.  For  now,  not  only  the  dis- 
tinction, succession,  and  arrangement,  but  many  other  relations  among 
fossil  strata,  irresistibly  arrested  the  attention  of  the  philosopher. 
Brongniart"  showed  that  very  striking  resemblances  occurred  in  their 
fossil  remains,  between  certain  strata  of  Europe  and  of  North  Ameri- 
ca ;  and  proved  that  a  rock  may  be  so  much  disguised,  that  the  identity 
of  the  stratum  can  only  -be  recognized  by  geological  characters.** 

The  Italian  geologists  had  found  in  their  hills,  for  the  most  part 
the  same  species  of  shells  which  existed  in  their  seas ;  but  the  German 
and  English  writers,  as  Gesner,*'  Raspe,**  and  Brander,"  had  perceived 
that  the  fossil-shells  were  either  of  unknown  species,  or  of  such  as 
lived  in  distant  latitudes.  To  decide  that  the  animals  and  {dants,  of 
which  we  find  the  remains  in  a  fossil  state,  were  of  species  now  ex- 
tinct^ obviously  required  an  exact  and  extensive  knowledge  of  natural 
history.  And  if  this  were  so,  to  assign  the  relations  of  the  past  to 
the  existing  tribes  of  beings,  and  the  peculiarities  of  their  vital  processes 
and  habits,  were  tasks  which  could  not  be  performed  without  the  most 
consummate  physiological  skill  and  talent.  Such  tasks,  however,  have 
been  the  fiuniliar  employments  of  geologists,  and  naturalists  incited  and 
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**  BiiL  JTaL  df  CfruttaeSa  FbmUt,  pp.  57,  S2. 

•  Humboldt,  (»M.  d  72.  p.  45. 

«LyeU,i7a  «Ih.74.  "1^76. 


STBTEIUXIC  nnCBIFTEVB  OlOLOGY.  61T 

appealed  to  by  geologista^  ever  since  Cavier  published  bis  exanumUioii 
of  thefboul  inhabitants  of  the  Paris  basin.  Withont  attempting  a  hisfco- 
17  of  saeh  labors,  I  maj  notice  a  few  circninstances  connected  wiUi  thfiiiL 

Sect.  4. — Advances  in  PaltBoniology. — Gutner, 

80  long  aa  the  ovganic  fossils  which  were  fimnd  in  the  strata  of  the 
eartb  were  the  remains  of  marine  animals,  it  was  very  difScnlt  for 
geok^sts  to  be  assured  that  the  animals  were  sach  as  did  not  exist  in 
any  part  or  dime  of  the  existing  ocean.  But  when  large  land  and 
lifer  animals  were  discovered,  different  from  any  known  species,  the 
permaaion  that  they  were  of  extinct  races  was  forced  upon  the  nata- 
laliat  Yet  this  qpinion  was  not  taken  up  slightly,  nor  acquiesced  in 
viOioiit  many  struggles. 

Bonea  supposed  to  belong  to  fossil  elephants,  were  some  of  the  first 
with  regard  to  which  this  conclusion  was  established.  Such  remains 
oceor  in  vast  numbeis  in  the  soil  and  gravel  of  almost  every  part  of 
the  world ;  especially  in  Siberia,  where  they  are  called  the  bones  of 
the  wtammoth.  They  had  been  noticed  by  the  ancients,  as  we  learn 
from  Pliny  ;**  and  had  been  ascribed  to  human  giants,  to  elephants 
imported  by  the  Romans,  and  to  many  other  origins.  But  in  1796, 
Ourier  had  examined  these  opinions  with  a  more  profound  knowledge 
than  hia  predecessors ;  and  he  thus  stated  the  result  of  his  researches.'* 
**  With  regard  to  what  have  been  called  the  fossil  remains  of  elephants, 
from  Tentzelius  to  Pallas,  I  believe  that  I  am  in  the  condition  to 
prove,  that  they  belong  to  animals  which  were  very  clearly  different 
in  wpecies  from  our  existing  elephants,  although  they  resembled  them 
ioffieiently  to  be  considered  as  belonging  to  the  same  genera.*'  He  had 
foonded  this  conclusion  principally  on  the  structure  of  the  teeth,  which 
he  found  to  differ  in  the  Asiatic  and  African  elephant ;  while,  in  the 
ibsiil  animal,  it  was  different  from  both.  But  he  also  reasoned  in  part 
on  Ihe  form  of  the  skull,  of  which  the  best-known  example  had  been 
described  in  the  Philosophical  Transactions  as  early  as  1787.*'  ^  Aa 
soon,"  says  Cuvier,  at  a  later  period,  ^  as  I  became  acquainted  with 
Messerschmidlfs  drawing,  and  joined  to  the  differences  which  it  pre* 
sented,  those  which  I  had  myself  observed  in  the  inferior  jaw  and  the 


»*  ffiwl.  Nat.  lib.  xxxvi  18.  *  Mhru  In$L  Math.  etPhys.  torn.  iL  p.  4. 
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moltf  teethf  I  no  longer  donbted  that  the  foaul  depliants  wete  of  a 
qpeciea  different  from  the  Indian  elqphant.  This  idea,  which  I  an- 
nounced to  the  Institate  in  the  month  of  Janoaiy,  1796,  opened  tome 
viewB  entirely  new  respecting  the  theory  of  the  earth ;  and  determined 
me  to  devote  myself  to  the  long  reeearches  and  to  the  asadooiis 
labors  which  have  now  ^-Hjcupiod  me  for  twenty-five  yeai*.*^ 

We  have  here,  then,  the  starting-point  of  thoee  researchea  concenh 
ing  extinct  animals,  which,  ever  since  that  time,  have  attracted  so  bsge 
a  share  of  notice  from  geologists  and  from  the  worid.  Gavier  eovU 
hardly  have  anticipated  the  vast  storehouse  of  materials  which  1^ 
under  his  feet|  ready  to  supply  him  occupation  of  the  moat  intense 
interest  in  the  career  on  which  he  had  thus  entered*  Hie  examinatioB 
of  the  strata  on  which  Paris  stands,  and  of  which  its  buildings  consa!, 
supplied  him  with  animals,  not  only  different  from  existing  ones,  but 
some  of  them  of  great  size  and  curious  peculiarities.  A  careful  exami- 
nation of  the  remains  which  these  strata  contain  was  undertaken  soon 
after  the  period  we  have  referred  to.  ift  1802,  Defrance  had  collected 
several  hundreds  of  undescribed  species  of  shells ;  and  Lamarck^  hegjoi 
a  series  of  Memoirs  upon  them ;  remodelling  the  whole  of  Oonchology, 
in  order  that  they  might  be  included  in  its  claasificationB.  And  two 
years  afterwards  (1804)  appears  the  first  of  Cuvier's  grand  series  of 
Memoirs  containing  the  restoration  of  the  vertebrate  animals  of  these 
strata.  In  this  vast  natural  museum,  and  in  contributions  frt>m  other 
parts  of  the  globe,  he  discovered  the  most  extraordinary  creatures : — 
the  PalsBotherium,'*  which  is  intermediate  between  the  horse  and  the 
pig ;  the  Anoplotherium,  which  stands  nearest  to  the  rhinoceros  and 
the  tapir ;  the  Megalonix  and  Megatherium,  animals  of  the  sloth  tribe, 
but  of  the  size  of  the  ox  and  the  rhinoceros.  The  Memoirs  which 
contained  these  and  many  other  discoveries,  set  the  naturalists  to  work 
in  every  part  of  Europe. 

Another  very  curious  class  of  animals  was  brought  to  light  princi- 
pally by  the  geologists  of  England;  animals  of  which  the  bones,  found 
in  the  lias  stratum,  were  at  first  supposed  to  be  those  of  crocodiles. 
But  in  1816,'*  Sir  Everard  Home  says,  '^  In  truth,  on  a  consideration 
of  this  skeleton,  we  cannot  but  be  inclined  to  believe,  that  among  the 
animals  destroyed  by  the  catastrophes  of  remote  antiquity,  there  had 


**  Otmnmi  JPhsiiUit  second  edit  i  178. 
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been  eome  at  least  that  differ  eo  entiiely  in  their  stmctnre  from  any 
which  now  exist  as  to  make  it  impossible  to  arrange  their  fossil  remains 
with  any  known  chiss  of  animals.**  The  animal  thus  referred  to,  being 
desrly  intermediate  between  fishes  and  lizards,  was  named  by  Mr. 
S&nig,  lehikyoiaunu ;  and  its  stroctore  and  constitution  were  more 
pndsely  determined  by  Mr.  Gonybeare  in  1821,  when  he  had  occasion 
fa>  compare  with  it  another  extinct  animal  of  which  he  and  Mr.  de  la 
Beche  had  c<^ected  the  remains.  This  animal,  still  more  nearly  19- 
proaching  the  lixard  tribe,  was  by  Mr.  Gonybeare  called  FUHogawus*^ 
Of  each  of  these  two  genera  several  species  were  afterwards  found. 

Belbre  this  time,  the  differences  of  the  races  of  animals  and  plants 
bdonging  to  the  past  and  the  present  periods  of  the  earth's  history,  had 
become  a  leading  subject  of  speculation  among  geological  naturalists. 
Ibe  science  produced  by  this  study  of  the  natural  history  of  former 
itatea  of  the  earth  has  been  termed  Paloeontology  ;  and  there  is  no 
bnnch  of  human  knowledge  more  fitted  to  stir  men's  wonder,  or  to 
excite  them  to  the  widest  ^ysiological  speculations.  But  in  the 
present  part  of  our  history  this  science  requires  our  notice,  only  so  far 
as  it  aims  at  the  restoration  of  the  types  of  ancient  animals,  on  clear 
and  undoubted  principles  of  comparative  anatomy.  To  show  how 
extensiTe  and  how  conclusive  is  the  science  when  thus  directed,  we 
need  only  refer  to  Cuvier's  Ossemens  Fomles  ;'*  a  work  of  vast  labor 
and  profound  knowledge,  which  has  opened  wide  the  doors  of  this  part 
of  geology.  I  do  not  here  attempt  even  to  mention  the  labors  of  the 
many  other  eminent  contributors  to  Palseontology ;  as  Brocchi,  Des 
Hayes,  Sowerby,  Goldfiiss,  Agassiz,  who  have  employed  themselves  on 
animftk^  and  Schlotthcim,  Brongniart,  Hutton,  Lindley,  on  plants. 

[2nd  £d.]  [Amoug  the  many  valuable  coutributions  to  Palaeonto- 
logy in  more  recent  times,  I  may  especially  mention  Mr.  Owen's  Reports 
on  British  Fossil  EeptileSy  on  British  Fossil  Mammalia^  and  on  the 
Extinct  Animals  of  Australia^  with  descriptions  of  certain  Fossils  indi- 
cative of  large  Marsupial  Pachydermata :  and  M.  Agassiz's  Report  on 
ike  Fossil  Fishes  of  the  Devonian  System^  his  Synoptical  Table  of 
British  Fossil  Fishes,  and  his  Report  on  the  Fishes  of  the  London  Clay, 
All  these  are  contained  in  the  volumes  produced  by  the  British  Asso- 
ciation from  1839  to  1845. 


•*  OeoL  Trans,  yoL  v. 
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A  new  and  most  important  instrimient  of  pafaeontological  infealigft- 
tion  has  been  put  in  the  geologist^s  hand  by  Prof.  Owen's  disooreiyi 
that  the  internal  stractare  of  teeth,  as  disclosed  by  themicroaoopeyisa 
means  of  determining  the  kind  of  the  animal  He  has  cairied  infea 
every  part  of  the  animal  kingdom  an  examination  Icmnded  upon  this 
discovery,  and  has  published  the  results  of  this  in  his  OtUmio^rt^Bki^ 
As  an  example  of  the  application  of  this  character  of  animal%  I  may 
mention  that  a  tooth  brought  from  Riga  by  Sir  R  Horchison  was  in 
this  way  ascertained  by  Mr.  Owen  to  belong  to  a  fiah  of  the  genm 
Dendrodui.    (Otology  of  Muukt,  i.  67.)] 

When  it  had  thus  been  established,  that  the  strata  of  the  earth  are 
characterized  by  innumerable  remains  of  the  organized  beings  which 
formerly  inhabited  it,  and  that  anatomical  and  physiological  considera- 
tions must  be  carefully  and  skilfully  applied  in  order  rightly  to  inter 
pret  these  characters,  the  geologist  and  the  palssontologist  obviously 
had,  brought  before  them,  many  very  wide  and  striking  questions.  Of 
these  wc  may  give  some  instances ;  but,  in  the  first  place,  we  may  add 
a  few  words  concerning  those  eminent  philosophers  to  whom  the 
science  owed  the  basis  on  which  succeeding  speculations  were  to  be 
built 

Sect,  5. — Intellectual  Characters  of  the  Founders  of  Systematic 
Descriptive  Geology. 

It  would  be  in  accordance  with  the  course  we  have  pursued  in  trealn^ 
of  other  subjects,  that  we  should  attempt  to  point  out  in  the  fbundeis 
of  the  science  now  under  consideration,  those  intellectual  qualities  and 
habits  to  which  we  ascribe  their  success.  The  very  recent  date  of  the 
generalizations  of  geology,  which  has  hardly  allowed  us  time  to  distin- 
guish the  calm  expression  of  the  opinion  of  the  wisest  judges,  might, 
in  this  instance,  relieve  us  from  such  a  duty;  but  since  our  plan 
t^pears  to  suggest  it,  we  will,  at  least,  endeavor  to  mark  the  charactors 
of  the  founders  of  geology,  by  a  few  of  their  prominent  lines. 

The  three  persons  who  must  be  looked  upon  as  the  main  aathom 
of  geological  classification  are,  Werner,  Smith,  and  Cuvier.  'Diese 
three  men  were  of  very  different  mental  constitution;  and  it  will, 
perhaps,  not  be  difficult  to  compare  them,  in  reference  to  those  qua- 
lities which  we  have  all  along  represented  as  the  main  features  of  the 
discoverer's  genius,  clearness  of  ideas,  the  possession  of  numerous 
facts,  and  the  power  of  bringing  these  two  elements  into  contact 
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In  tfw  German,  conndering  him  as  a  geologist,  the  ideal  element 
pndamJnated.  That  Werner's  powers  of  external  discrimination 
«m  extremely  acnte,  we  have  seen  in  speaking  of  him  as  a  mineralo 
gkt ;  mnd  his  talent  and  tendency  for  classifying  were,  in  his  mine- 
iilogical  stndies,  folly  fed  by  an  abandant  store  of  observation ;  bnt 
vlien  be  came  to  apply  this  methodizing  power  to  geology,  the  love 
of  sjstCTo,  so  fostered,  appears  to  have  been  too  strong  for  the  collec- 
tion of  &cts  he  had  to  deal  with.  As  we  have  already  said,  he  pro- 
mulgated, as  representing  the  world,  a  scheme  collected  from  a 
province,  and  even  too  hastily  gathered  from  that  narrow  field.  Yet 
Ids  intense  spirit  of  method  in  some  mcasare  compensated  for  other 
dflfieiencies,  and  enabled  him  to  give  the  character  of  a  science  to 
what  had  been  before  a  collection  of  miscellaneous  phenomena.  The 
sidor  of  system-making  produced  a  sort  of  fusion,  which,  however 
•opeificial,  served  to  bind  together  the  mass  of  incoherent  and  mixed 
materials,  and  thus  to  form,  though  by  strange  and  anomalous  means, 
a  stactore  of  no  small  strength  and  durability,  like  the  ancient  vitri- 
fied stroctures  which  we  find  in  some  of  our  mountain  regions. 

Of  a  very  different  temper  and  character  was  William  Smith.  No 
literary  cultivation  of  his  youth  awoke  in  him  the  speculative  love  of 
symmetry  and  system ;  but  a  singular  clearness  and  precision  of  the 
classifying  power,  which  ho  possessed  as  a  native  talent,  was  exercised 
and  developed  by  exactly  those  geological  facts  among  which  his 
philosophical  task  lay.  Some  of  the  advances  which  he  made,  had, 
tt  we  have  seen,  been  at  least  entered  upon  by  others  who  preceded 
him :  but  of  all  this  he  was  ignorant;  and,  perhaps,  went  on  more 
steadily  and  eagerly  to  work  out  his  own  ideas,  from  the  persuasion 
that  they  were  entirely  his  own.  At  a  later  period  of  his  life,  he  him- 
self published  an  account  of  the  views  which  had  animated  him  in  his 
earlier  progress.  In  this  account''  he  dates  his  attempts  to  discrimi- 
nate and  connect  strata  from  the  year  1'790,  at  which  time  he  was 
twenty  years  old.  In  1792,  he  ^had  considered  how  he  could  best 
represent  the  order  of  superposition — continuity  of  course — and 
general  eastern  declination  of  the  strata.**  Soon  after,  doubts  which 
had  arisen  were  removed  by  the  "  discovery  of  a  mode  of  identifying 
the  strata  by  the  organized  fossils  respectively  imbedded  therein." 
And  "  thus  stored  with  ideas,"  as  he  expresses  himself,  he  began  to 
oommnnicate  them  to  his  friends.    In  all  this,  we  sec  great  vividness 
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t  mtid  Acimty  of  mm^  luilaldiai^  Iteclf  exACtly  in  propottiOB 
rta  with  which  it  had  to  deal  We  are  reminded  of  thid 
Architecture  in  which  «ach  fttone,  as  it  oocniflv  ^  ^^tk 
in^^nuiiy,  and  with  the  Icnat  foeaible  alteration  of  itA  form, 
as  to  fit  ltd  plao«  in  a  solid  and  laAting'  edifice* 
It  vet  again  waa  the  character  (aa  a  geological  diaooveroij 
^t  naturalist  of  tho  bcgimitDg  of  the  ninety  nth  century..  Iti 
of  his  labors  of  which  wo  have  noV  to  apeak,  Cuviert 
ideas  were  Tttther  physiological  than  geological^  In  bll 
aat  physical  cbai^geSf  bo  did  QOt  leek  to  tiiclisd«  Mny  noga| 
hich  lay  much  beyond  the  naipow  fidd  of  tho  VtaiB  bt/M 
^gactty  in  applying  his  own  great  principlo  of  tho  CoiKlitioi^ 
ice,  gave  him  a  poctiU^  twd  vtnparallcled  power  in  int^ 
6  most  imperfect  fbsril  veeotrh  of  crtitir,^  anatomy.  In  tki 
>n  of  Lis  mind,  all  philosophical  endowmrntA  were  m 
ilDve loped  and  diaciip lined,  that  it  wax  ditiScult  to  M^ 
nore  of  his  power  waa  dnc  to  grniun  or  to  coltmis,  TiM 
classifying  which  he  oxcrciacd  in  g^^ology,  w»*  th«  rtfittlt  ai 
complete  knowledge  atid  akiJi  in  zoology ;  whiie  hia  vtewi 
^  ihe  revolutions  which  had  taken  plac«  in  the  dipuiio  tad 
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CHAPTER  IIL 
81QUXL  TO  THB  Formation  of  Ststsmatio  Dsscriptiyx  Gxoloot. 


Sect  1. — Beception  and  Diffusion  of  Syslematie  Otohgy. 

r'  our  nearneflB  to  the  time  of  the  discoveried  to  which  we  have  jiul 
referred,  embarrasses  as  in  speaking  of  their  anthors,  it  makes  it 
itill  more  difficult  to  narrate  the  reception  with  which  these  disoove- 
lies  m^  Yet  here  we  may  notice  a  few  &cts  which  may  not  be 
without  their  interest. 

Hie  impression  which  Werner  made  upon  hk  hearers  was  very 
itroiig ;  andf  as  we  have  already  said,  disciples  were  gathered  to  his 
sehool  firom  every  country,  and  Uien  went  forward  into  all  parts  of  the 
worid,  animated  by  the  views  which  they  had  caught  from  him.  We 
mi^  wy  of  him,  as  has  been  so  wisely  said  of  a  philosopher  of  a  very 
different  kind,^  ^  He  owed  his  influence  to  various  causes ;  at  the  head 
of  which  may  be  placed  that  genius  for  system,  which,  though  it 
crampa  the  growth  of  knowledge,  perhaps  finally  atones  for  that  mis- 
chief by  the  seal  and  activity  which  it  rouses  among  followers  and 
opponents,  who  discover  truth  by  accident,  when  in  pursuit  of  weapons 
kx  their  warfsEire."  The  list  of  Wemer^s  pupils  for  a  considerable 
period  included  most  of  the  principal  geologists  of  Europe ;  Freisleben, 
lioha,  Esmark,  d'Andrada,  Raumer,  Engelhart,  Charpentier,  Brocchi. 
Alexander  von  Humboldt  and  Leopold  von  Buch  went  forth  from  his 
school  to  observe  America  and  Siberia,  the  Isles  of  the  Atlantic,  and 
the  coast  of  Norway.  Professor  Jameson  established  at  Edinburgh  a 
Wemerian  Society ;  and  his  lecture-room  became  a  second  centre  of 
Wemerian  doctrines,  whence  proceeded  many  zealous  geological  ob- 
servers ;  amoDg  these  we  may  mention  as  one  of  the  most  distinguish- 
ed, M.  Ami  Bon6,  though,  like  several  others,  he  soon  cast  away  the 
peculiar  opinions  of  the  Wemerian  school  The  classifications  of 
this  school  were,  however,  diffused  over  the  civilized  world  wit  1  ez- 
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traordinarj  snccen ;  and  were  looked  upon  with  great  respect,  till  the 
study  of  organic  foeails  threw  them  into  the  shade. 

Smith,  on  the  other  hand,  long  parsaed  his  own  thoughts  without 
aid  and  without  sympathy.  About  1799  he  became  acquainted  with 
a  few  gentlemen  (Dr.  Anderson,  Mr.  Biohardson,  Mr.  Townsend,  and 
Mr.  Davies),  who  had  already  given  some  attention  to  organic  fosfl^ 
and  who  were  astonished  to  find  his  knowledge  so  much  more  enet 
and  extensive  than  their  own.  From  this  time  he  conceived  the  intui- 
tion of  publishing  his  discoveries ;  but  the  want  of  literary  leisure  sad 
habits  long  prevented  him.  His  knowledge  was  orally  communicated 
without  reserve  to  many  persons ;  and  thus  gradually  and  insensibly 
became  part  of  the  public  stock.  When  this  diffusion  of  his  vievi 
had  gone  on  for  some  time,  his  friends  b^an  to  complain  that  tJbe 
author  of  them  was  deprived  of  his  well-mented  share  of  £une*  Hb 
delay  in  publication  made  it  difficult  to  remedy  this  wrong ;  lor  socm 
after  he  published  his  Geological  Map  of  England,  another  appeared, 
founded  upon  separate  observations ;  and  though,  perhaps,  not  quite 
independent  of  his,  yet  in  many  respects  much  more  detailed  and  cor- 
rect Thus,  though  his  general  ideas  obtained  universal  currency,  he 
did  not  assume  his  due  prominence  as  a  geologist  In  1818,  a  gene- 
rous attempt  was  made  to  direct  a  proper  degree  of  public  gratitode 
to  him,  in  an  article  in  the  Edinburgh  Review^  the  production  of  Dr. 
Fitton,  a  distinguished  English  geologist  And  when  the  ftmw>Mtt 
philosopher,  Wollaston,  had  bequeath^  to  the  Geological  Society  of 
London  a  fund  from  which  a  gold  medal  was  to  be  awarded  to  geo- 
logical services,  the  first  of  such  medals  was,  in  1881,  ^  given  to  Mr. 
William  Smith,  in  consideration  of  his  being  a  great  original  disco- 
verer in  English  geology ;  and  especially  for  his  having  been  the  fint 
in  this  country  to  discover  and  to  teach  the  identification  of  strata, 
and  to  determine  their  succession  by  means  of  their  imbedded  foflsils." 

Ouviei^s  discoveries,  on  the  other  hand,  both  from  the  high  philo- 
sophic fame  of  their  author,  and  from  their  intrinsic  importance, 
arrested  at  once  the  attention  of  scientific  Europe ;  and,  notwithstand- 
ing tiie  undoubted  priority  of  Smith's  labors,  for  a  long  time  woe 
looked  upon  as  the  starting-point  of  our  knowledge  of  oiganic  fbank 
And,  in  reality,  although  Ouviei^s  memoirs  derived  the  greatest  part 
of  thehr  value  from  his  zoological  conclusions,  they  refiected  back  no 
small  portion  of  interest  on  the  classifications  of  strata  which  were 
involved  in  his  inferences.  And  the  views  which  he  presented  gave  to 
geology  an  attractive  and  striking  character,  and  a  connexion  with 
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huge  i^yBi<dogica]  as  well  as  physical  principles,  which  added  incom- 
puably  to  its  dignity  and  chann. 

In  tndiig  the  reception  and  diffbaion  of  doctrines  such  as  those  of 
Smith  and  Caviei^  we  ought  not  to  omit  to  notice  more  especially  the 
fixmaition  and  history  of  the  Geological  Society  of  London,  jost  men* 
tuned.  It  was  established  in  1807,  with  a  view  to  multiply  and 
neord  obaenrations,  and  patiently  to  await  the  result  of  some  futore 
period ;  that  is,  its  founders  resolved  to  apply  themselves  to  Descrip- 
tivtt  Geology,  thinking  the  time  not  come  for  that  theoretical  geology 
whieh  had  then  long  fired  the  controversial  ardor  of  Neptonists  and 
FtntCHiiflto.  The  first  volume  of  the  Transactions  of  this  society  was 
yhMiftd  in  1811.  The  greater  part  of  the  contents  of  this  volume ' 
Mnror  of  the  notions  of  the  Wemerian  school ;  and  there  are  papers 
en  some  of  the  districts  in  England  most  rich  in  fbssils,  which  Mr. 
Conybeare  says,  well  exhibit  the  low  state  of  secondary  geology  at 
diafc  period*  But  a  paper  by  Mr.  Parkinson  refers  to  the  discoveries 
both  of  Smith  and  of  Cuvier ;  and  in  the  next  volume,  Mr.  Webster 
gives  an  account  of  the  Isle  of  Wight,  following  the  admirable  model 
of  Cuvier  and  Brongniart's  account  of  the  Paris  basin.  <<  If  we  com- 
pare this  memoir  of  Mr.  Webster  with  the  preceding  one  of  Dr. 
Bei!ger  (also  of  the  Isle  of  Wight),  they  at  once  show  themselves  to 
belong  to  two  very  distinct  eras  of  science  ;  and  it  is  difficult  to 
believe  that  the  interval  which  elapsed  between  their  respective  publi* 
catbn  was  only  three  or  four  years."' 

Among  the  events  belonging  to  the  diffusion  of  sound  geological 
views  in  this  country,  we  may  notice  the  publication  of  a  little  volume 
entitled.  The  Otology  of  England  and  Wales,  by  Mr.  Conybeare  and 
Mr.  Phillips,  in  1821 ;  an  event  fax  more  important  than,  from  the 
modest  form  and  character  of  the  work,  it  might  at  first  sight  appear. 
By  describing  in  detail  the  geological  structure  and  circumstances  of 
England  (at  least  as  &r  downwards  as  the  coal),  it  enabled  a  very 
wide  class  of  readers  to  understand  and  verify  the  classifications  which 
geology  had  then  very  recently  established ;  while  the  extensive  know- 
ledge and  philosophical  spirit  of  Mr.  Conybeare  rendered  it,  under  the 
gniae  of  a  topographical  enumeration,  in  reality  a  profound  and  in* 
stnictive  scientific  treatise.  The  vast  impulse  which  it  gave  to  the 
stady  of  sound  descriptive  geology  was  felt  and  acknowledged  in  other 
eoontries,  as  well  as  in  Britain. 


•  Conybeare,  Report,  Brit.  Auoe.  p.  872.        ■  Ckmybesre,  Rij^ori,  p.  2n% 
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Since  that  period.  Descriptive  Geology  in  Kngimd  hm  constanHj 
advanced.  The  advance  has  been  due  mainly  to  the  labors  of  tbe 
members  of  the  Geological  Society ;  on  whose  merits  as  coltivatofB  of 
their  science,  none  but  those  who  are  themselves  masters  of  the  siib^ 
ject,  have  a  right  to  dwell.  Yet  some  parts  of  the  sdentifio  charaelw 
of  these  men  may  be  appreciated  by  the  general  speculator ;  for  they 
have  shown  that  there  are  no  talents  and  no  endowments  which  may 
not  find  their  fitting  employment  in  this  science.  Besides  that  iktj 
have  united  laborious  research  and  comprehensive  views,  acotoieB 
and  learning,  seal  and  knowledge ;  the  philosoj^ical  eloquence  widi 
which  they  have  conducted  their  discussions  has  had  a  most  benefidd 
bfluence  on  the  tone  of  their  speculations ;  and  their  researdies  fe 
the  field,  which  have  carried  them  into  every  country  and  every  dan 
of  society,  have  given  them  that  prompt  and  liberal  spirit,  and  thst 
open  and  cordial  bearing,  which  results  from  intercourse  with  the 
world  on  a  large  and  unfettered  scale.  It  is  not  too  much  to  say, 
that  in  our  time,  Practical  Geology  has  been  one  of  the  best  schools 
of  philosophical  and  general  culture  of  mind. 

Sect  2. — Application  of  Systematic  Oeology,     Geological  Surveys 

and  Maps. 

Such  surveys  as  that  which  Oonybeare  and  Phillips's  book  present- 
ed with  respect  to  England,  were  not  only  a  means  of  disseminating 
the  knowledge  implied  in  the  classifications  of  such  a  work,  but  they 
were  also  an  essential  part  of  the  Application  and  Extension  of  the 
principles  established  by  the  founders  of  Systematic  Geology.  As 
soon  as  the  truth  of  such  a  system  was  generally  acknowledged,  the 
persuasion  of  the  propriety  of  geological  surveys  and  maps  of  each 
country  could  not  but  impress  itself  on  men's  minds. 

When  the  earlier  writers,  as  Lister  and  Fontenelle,  spoke  of  mine- 
ralogical  and  fossilological  maps,  they  could  hardly  be  said  to  know 
the  meaning  of  the  terms  which  they  thus  used.  But  when  subse- 
quent classifications  had  shown  how  such  a  suggestion  might  be  car* 
ried  into  effect,  and  to  what  important  consequences  it  might  lesd, 
the  task  was  undertaken  in  various  countries  in  a  vigorous  and  con- 
sistent manner.  In  England,  besides  Smith's  map,  another,  drawn  up 
by  Mr.  Greenough,  was  published  by  the  Geological  Sodety  in  1819 ; 
and,  being  founded  on  very  numerous  observations  of  the  author  and 
his  friends,  made  with  great  labor  and  co«t»  was  not  only  an  impwtant 
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eoneelioii  and  confinnation  of  Smith's  labors,  but  a  valuable  store* 
kouse  and  standard  of  what  had  then  been  done  in  English  geology. 
Leopold  Ton  Bach  had  constructed  a  geological  map  of  a  large  por- 
lioii  of  Germany,  about  the  same  period ;  but,  aware  of  the  difficulty 
«f  the  taak  he  had  thus  attempted,  he  still  forbore  to  publish  it  At 
a  kter  period^  and  as  materials  accumulated,  more  detailed  maps  of 
puts  of  Germany  were  produced  by  Hofimann  and  others.  The 
IVench  government  entrusted  to  a  distinguished  Professor  of  the 
Sdiool  of  Mines  (M.  Brochant  de  Villiers),  the  task  of  constructing  a 
nap  of  France  on  the  model  of  Mr.  Greenough's ;  associating  with 
Um  two  younger  persons,  selected  for  their  energy  and  talents,  MM. 
Beanmont  and  Dufr^noy.  We  shall  have  occasion  hereafter  to  speak 
of  the  execution  of  this  survey.  By  various  persons,  geological  maps 
of  almost  every  country  and  province  of  Europe,  and  of  many  parts  of 
Asia  and  America,  have  been  published.  I  need  not  enumerate  these, 
but  I  may  refer  to  the  account  given  of  them  by  Mr.  Conybeare,  in 
the  BeporU  of  the  British  Association  for  1832,  p.  384,  Tliese  vari- 
ous essays  may  be  considered  as  contributions,  though  hitherto  un- 
doubtedly very  imperfect  ones,  to  that  at  which  Descriptive  Geology 
ought  to  aim,  and  which  is  requisite  as  a  foundation  for  sound  the- 
ory;— a  complete  geological  survey  of  the  whole  earth.  But  we 
must  say  a  few  words  respecting  the  language  in  which  such  a  survey 
must  be  written. 

As  we  have  already  said,  that  condition  which  made  such  maps  and 
the  accompanying  descriptions  possible,  was  that  the  strata  and  their 
contents  had  previously  undergone  classification  and  arrangement  at 
the  hands  of  the  &thers  of  geology.  Classification,  in  this  as  in  other 
cases,  implied  names  which  should  give  to  the  classes  distinctness  and 
permanence ;  and  when  the  series  of  strata  belonging  to  one  country 
were  referred  to  in  the  description  of  another,  in  which  they  appeared, 
at  was  usually  the  case,  under  an  aspect  at  least  somewhat  different, 
the  supposed  identification  required  a  peculiar  study  of  each  case ;  and 
thus  Geology  had  arrived  at  the  point,  which  we  have  before  had  to 
notice  as  one  of  the  stages  of  the  progress  of  Classificatory  Botany, 
at  which  a  technical  nomenclature  and  a  well-understood  synonymy 
were  essential  parts  of  the  science. 

Sect,  3. — Geological  Nomenclature, 
Br  Nomenclature  we  mean  a  system  of  names ;  and  hence  we  can- 
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not  speak  of  a  Geological  Nomenclafaird  till  we  come  to  Wener 
and  Smith.  The  earlier  mineralogiBts  had  employed  names,  often  aiti-  * 
ficial  and  arbitrary,  for  special  minerals,  bat  no  technical  and  < 
names  for  strata.  The  elements  of  Werner's  names  for  the  i 
of  his  geological  series  were  words  in  nse  among  miners,  as  Onmm^ 
Orauwackey  Thanichiefer,  Bothe  todte  Uegtndt,  Zeehitein  ;  or  arbitAiy 
names  of  the  mineralogists,  as  Syenite,  Serpentine,  Porphyry,  GnuuH^dj 
Bat  the  more  technical  part  of  his  phraseology  was  taken  fixim  l3bm\ 
which  is  the  worst  kind  of  name,  arbitrary  nomeration.  Thna  he  had 
his/r«t  sandstone  formation,  second  sandstone,  third  sandstone  ;  fini 
fltfti  limestone,  ieeofnd  flotz  limestone,  third  flOti  limestone.  Sodi 
names  are,  beyond  all  others,  liable  to  mistake  in  theb  applieataon,  and 
likely  to  be  expelled  by  the  progress  of  knowledge ;  and  acccHrding^f 
though  the  Wemerian  names  for  rocks  mineral<^cally  distingoished, 
have  still  some  currency,  his  sandstones  and  limestones,  after  cieating 
endless  confosion  while  his  authority  had  any  sway,  have  utterly  disap- 
peared from  good  geological  works. 

The  nomenclature  of  Smith  was  founded  upon  English  provincial 
terms  of  very  barbarous  aspect,  as  Cambrash,  Lias^  Gaulty  Clmndk 
Clay,  Coral  Bag.  Yet  these  terms  were  widely  diffused  when  his 
classification  was  generally  accepted ;  they  kept  their  place,  precisely 
because  they  had  no  systematic  signification ;  and  many  of  them  are 
at  present  part  of  the  geological  language  of  the  whole  civilised  world. 

Another  kind  of  names  which  has  been  very  prevalent  among  geolo- 
gists are  those  borrowed  from  places.  Thus  the  Wemerians  spoke  of 
Alpine  Limestone  and  Jura  Limestone  ;  the  English,  of  Kimmeridge 
Clay  and  Oxford  Clay,  Purbeck  Marble,  and  Portland  Bock.  These 
names,  referring  to  the  stratum  of  a  known  locality  as  a  type,  were 
good^  as  far  as  an  identity  with  that  type  had  been  traced ;  bat  when 
this  had  been  incompletely  done,  they  were  hable  to  great  ambigoity. 
If  the  Alps  or  the  Jura  contain  several  formations  of  limestone,  such 
terms  as  we  have  noticed,  borrowed  from  those  mountains,  cease  to  be 
necessarily  definite,  and  may  give  rise  to  much  confusion. 

Descriptive  names,  although  they  might  be  supposed  to  be  the  best, 
have,  in  fiEwt,  rarely  been  fortunate.  The  reason  of  this  is  obvious;— 
the  mark  which  has  been  selected  for  description  may  easily  fiiil  to  be 
essential ;  and  the  obvious  connexions  of  natural  fects  may  overleap 
the  arbitrary  definition.  As  we  have  ah-eady  stated  in  the  history  of 
botany,  the  establishment  of  descriptive  marks  of  real  classes  presup- 
poses the  important  but  difficult  step,  of  the  discovery  of  such  marls. 
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Hence  those  deacriptiye  oames  only  have  been  really  usefol  in  geology 

'  wluch  had  been  naed  without  any  scnipnloiu  regard  to  the  appropri- 

\  of  the  description.    The  Orem  Sand  may  be  white,  brown,  or 

I ;  tlie  Mountain  Limestone  may  occur  only  in  yalleys ;  the  Oolite 

haye  no  roe-like  structure ;  and  yet  these  may  be  excellent  geo- 

names,  if  they  be  applied  to  formations  geologically  identical 

^^ridi  tlioee  which  the  phrases  originally  designated.    The  signification 

^^I9f  asnat  the  memory,  but  must  not  be  allowed  to  subjugate  the 

f   imlty  ci  natural  classification. 

Hie  terms  which  have  been  formed  by  geologists  in  recent  times 
here  been  drawn  from  sources  similar  to  those  of  the  older  ones,  and 
wH  have  their  fortune  determined  by  the  same  conditions.  Thus  Mr. 
I^ell  has  given  to  the  divisions  of  the  tertiary  strata  the  appellations 
PUwemej  Meiocene^  Eocene^  accordingly  as  they  contain  a  majority  of 
leoent  ^>ecies  of  shells,  a  minority  of  such  species,  or  a  small  propor- 
tion ci  living  species,  which  may  be  looked  upon  as  indicating  the 
down  ci  the  existing  state  of  the  animate  creation.  But  in  this  case, 
he  wisely  treats  his  distinctions,  not  as  definitions,  but  as  the  marks  of 
natonl  groups.  *^  The  plurality  of  species  indicated  by  the  name^'/etb- 
trne^  must  not,**  he  says,*  ^  be  understood  to  imply  an  absolute  majority 
of  recent  fossil  sheUs  in  all  cases,  but  a  comparative  preponderance 
whereyer  the  pleiocene  are  contrasted  with  strata  of  the  period  imme- 
diately preceding." 

Mr.  Lyell  might  have  added,  that  no  precise  percentage  of  recent 
ipeciee,  nor  any  numerical  criterion  whatever,  can  be  allowed  to  over- 
bear the  closer  natural  relations  of  strata,  proved  by  evidence  of  a 
niperior  kind,  if  such  can  be  found.  And  this  would  be  the  proper 
answer  to  the  objection  made  by  De  la  Beche  to  these  names ;  namely, 
tha^  it  may  happen  that  the  meiocene  rocks  of  one  country  may  be  of 
the  •^int^  date  as  the  pleiocene  of  another ;  the  same  formation  having 
in  one  place  a  majority,  in  another  a  minority,  of  cxistiDg  species. 
We  are  not  to  run  into  this  incongruity,  for  we  are  not  so  to  apply  the 
names.  The  formation  which  has  been  called  pleiocene,  must  continue 
to  be  so  called,  even  where  the  majority  of  recent  species  fails ;  and  all 
locks  that  agree  with  that  in  date,  without  further  reference  to  the 
numerical  relations  of  their  fossils,  must  also  share  in  the  name. 

To  invent  good  names  for  these  largo  divisions  of  the  series  of  strata 
is  indeed  extremely  diflScult    The  term  Oolite  is  an  instance  in  which 


«  CM,  ill  891 
Vol.  IL— 84 


580  mmoar  w  g«>lo0T. 

a  descriptiye  word  has  become  pennanent  in  a  case  of  this  kind ;  and, 
in  imitation  of  it,  Pceeilite  (from  ^wttk^  YanoviSy  (has  been  proposed 
by  Mr.  Conybeare*  as  a  name  for  the  group  of  strata  inferior  to  the  g 
oolites,  of  which  the  Variegated  Sandstone  (Banter  Sandstein,  Grk'% 
Bigarr6,)  is  a  conspicuous  member.  For  the  series  of  formations  whiflh 
lies  immediately  over  the  rocks  in  which  no  organic  remains  are  fiNmd, 
the  term  TransiUon  was  long  used,  but  with  extreme  ambiguity  aai  ^ 
vagueness.  When  this  series,  or  rather  the  upper  part  of  it,  was  vd 
examined  in  South  Wales,  where  it  consists  of  many  wellHooiihed  ' 
members,  and  may  be  probably  taken  as  a  type  lor  a  hu^  portion  of 
the  rest  of  the  world,  it  became  necessary  to  give  to  the  group  thus 
explored  a  name  not  necessarily  leading  to  assumption  or  controvenj. 
Mr.  Murchison  selected  the  term  Silurian^  borrowed  from  tho  {onnm 
inhabitants  of  the  country  in  which  his  types  were  found ;  and  this  is 
a  term  excellent  in  many  respects ;  but  one  which  will  probably  not 
quite  supersede  ^  Transition,"  because,  in  other  places,  transition  roeks 
occur  which  correspond  to  none  of  the  members  of  the  Silurian  region, 
lliough  new  names  are  inevitable  accompaniments  of  new  views  of 
classification,  and  though,  therefore,  the  geological  discoverer  must  be 
allowed  a  right  to  coin  them,  this  is  a  privily  which,  for  the  sake  of 
his  own  credit,  and  the  circulation  of  his  tokens,  he  must  exercise 
with  great  temperance  and  judgment  M.  Brongniart  may  be  taken 
as  an  example  of  the  neglect  of  this  caution.  Acting  upon  the  prin- 
ciple, in  itself  a  sound  one,  that  inconveniences  arise  from  geological 
terms  which  have  a  mineralogical  signification,  he  has  given  an  entire- 
ly new  list  of  names  of  the  members  of  the  geologicaJ  series.  Thus 
die  primitive  unstratified  rocks  are  terrains  agalysiens  ;  the  transition 
semi-compact  are  hemilysiens  ;  the  sedimentary  strata  are  yxenUem  ; 
the  diluvial  deposits  are  clysmiene  ;  and  these  divisions  are  subdivided 
by  designations  equally  novel ;  thus  of  the  ^  terrains  yzemiens,"  mem- 
bers are — ^the  terrains  claetiqueSy  tritonienSj  protHgues,  palceotke- 
riens,  epilymniqttes,  thalassiques,*  Such  a  nomenclature  appears  to 
labor  under  great  inconveniences,  since  the  terms  are  descriptive  in 
their  derivation,  yet  are  not  generally  intelligible,  and  refer  to  theo- 
retical views  yet  have  not  the  recommendation  of  systematic  con- 
nexion. 


*  Beport,  p.  879.  •  BrongmArt,  Tableau  dee  J^nrraine,  1829. 
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SteL  4. — Otologieal  Synonymy^  or  DeterminaHon  of  GMogieal  JSqui- 

valents, 

h  will  easily  be  supposed  that  with  so  many  different  sources  of  names 
as  we  have  mentioned,  the  same  stratum  may  be  called  by  different 
issignationa ;  and  thus  a  synonymy  may  be  necessary  for  geology ;  as 
it  was  for  botany  in  the  time  of  Bauhin,  when  the  same  plants  had 
been  qpoken  of  by  so  many  different  appellations  in  different  authors. 
But  in  reality,  the  synonymy  of  geology  is  a  still  more  important  part 
of  the  sabject  than  the  analogy  of  botany  would  lead  us  to  suppose. 
For  in  plants,  the  species  are  really  fixed,  and  easily  known  when 
seen ;  and  the  ambiguity  is  only  in  the  imperfect  communication  or 
eonfbsed  ideas  of  the  observers.  But  in  geology,  the  identity  of  a 
stntom  or  formation  in  different  places,  though  not  an  arbitaraiy,  may 
be  a  Tery  doubtful  matter,  even  to  him  who  has  seen  and  examined. 
To  asDgn  its  right  character  and  place  to  a  stratum  in  a  new  countryi 
i%  in  a  great  degree,  to  establish  the  whole  geological  history  of  the 
eountry.  To  assume  that  the  same  names  may  rightly  be  applied  to 
fte  strata  of  different  countries,  is  to  take  for  granted,  not  indeed  the 
Wemerian  dogma  of  universal  formations,  but  a  considerable  degree 
of  generality  and  uniformity  in  the  known  fbrmations.  And  how  fiur 
this  generality  and  uniformity  prevail,  observation  alone  can  teach. 
Hie  search  for  geological  synonyms  in  different  countries  brings  before 
OS  two  questions ; — first,  are  there  such  synonyms  ?  and  only  in  the 
leeond  place,  and  as  far  as  they  occur,  what  are  they  ? 

In  factf  it  is  found  that  although  formations  which  must  be  consi- 
dered as  geologically  identical  (because  otherwise  no  classification  is 
possible,)  do  extend  over  large  regions,  and  pass  from  country  to 
country,  their  identity  includes  certain  modifications ;  and  the  deter- 
mination of  the  identity  and  of  the  modifications  are  inseparably 
involved  with  each  other,  and  almost  necessarily  entangled  with  theo- 
retical considerations.  And  in  two  countries,  in  which  wo  find  this 
modified  coincidence,  instead  of  saying  that  the  strata  are  identical, 
and  that  their  designations  are  synonyms,  we  may,  with  more  proprie- 
ty, consider  them  as  two  corresponding  series ;  of  which  the  members 
of  the  one  may  be  treated  as  the  Bepresentatives  or  JSquivalenU  of 
the  members  of  the  other. 

This  doctrine  of  Representatives  or  Equivalents  supposes  that  the 
geological  phenomena  in  the  two  countries  have  been  the  results  of 
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aeriefl  of  events^  wbicb  havo»  iq  »>ino  meflfiore,  coincide^ 
id  order ;  and  tbtiB,  ss  we  li»VQ  fuud,  refers  us  to  a  theory,  j 
naider^d  merely  as  a  atep  in  clflssiJi cation^  the  comp&nnoa  cf^ 
Lcal  £cnos  of  strata  in  different  t^ountrio^s  is,  in  tbe  higllfiift| 
nportaot  and  interating.  Indeed  in  ]h#  sumt^  uittC&er  tD^ 
^aration  of  Classificatory  from  Chemical  MixienUi^  ift  nece^ 
completion  of  minoralogical  scioncftr  the  comparalivo  Gii^ 
of  the  strata  of  diiTerent  coaiitri<5&  acoordiiig  to  Ihoir  m 
\  and  differences  idon^  u  re^oisitc  aa  a  baaia  for  a  Tbaori 
imaefi*  But>  aa  will  eaaily  be  imagined  from  its  natarcyAjM 
nriptiro  geology  deaU  with  the  mo^t  difficult  atid  tbo  *4I 
>Toyenis;  and  roqnirea  a  raro  nnion  of  laboriotu  obeorvi4 
comprehensive  apirit  of  philofiophical  classification.  g 

rder  to  give  instAnces  of  ihia  prxiocu  (for  of  tlifi  vAat  1ftboc4 
alents  which  have  been  thiw  employed  in  Eiig;laad,  Fraitftev^ 
ny^  it  ia  only  instances  that  we  can  give,)  I  may  rder  t%> 
icaJ  aurvey  of  Franoe,  which  was  executed,  b&  wg  have  ali« 

by  order  of  the  goTenuDent^  In  this  undertaldfigf  it  t 
sd  to  obtain  u  kuowl-edge  of  the  whole  mineral  Etructuilh 
;  but  no  amaU  portion  of  thia  knowledge  was  brou^lit  j 


ft 
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^  ^  ai€ie  between  IL  Elie  de  Beamnont  and  M.  Volte,*  the  former  con- 

^  ridering  tbe  ffrk  tk  Vo9^  aa  the  eqnmdent  of  the  BathB  iodt§ 

'^  ^^  liegmdej  which  occare  beneath  the  Zechsteuiy  while  M.  Volti  held 

'  ^  that  it  was  the  lower  portion  of  the  Bed  or  Variegated  S<uid$tom 

^^  which  leate  on  the  Zechstein. 

**r:  In  the  same  manner,  from  the  first  promulgation  of  the  Wemerian 

^^  lyatem,  attempts  were  made  to  identify  the  English  with  the  Gennan 

"^^  members  of  the  geological  alphabet;   bnt  it  was  long  before  this 

^^'  alphabet  was  lightly  read.    Thus  the  English  geologists  who  first  tried 

"^  to  applj  the  Wemerian  series  to  this  conntzy,  conceived  the  Old  and 

^"^  New  Bed  Sandstone  of  England  to  be  the  same  with  the  Old  and 

"*  New  Bed  Sandstone  of  Werner;  whereas  Werner's  Old  Bed,  the 

Boihe  todte  li^ende,  is  above  the  coal,  while  the  English  Old  Bed  la 
^  below  it    This  mistake  led  to  a  further  erroneous  identification  of 

^  onr  Mountain  Limestone  with  Werner's  First  Fldte  Limestone;  and 

^  caused  an  almost  inextricable  confusion,  which,  even  at  a  recent 

period,  has  perplexed  the  views  of  German  geologists  respecting  ihia 
I  eonntiy.    Again,  the  Lias  of  England  was,  at  first,  supposed  to  be  the 

equivalent  of  the  Muschelkalk  of  Germany.  But  the  error  of  thii 
identification  was  brought  into  view  by  examinations  and  discussions 
in  which  MM.  (Eyenhausen  and  Dechen  took  the  lead;  and  at  a  later 
period,  Professor  Sedgwick,  by  a  laborious  examination  of  the  strata 
of  IgnglaTiHj  was  enabled  to  show  the  true  relation  of  this  part  of 
the  geology  of  the  two  countries.  According  to  him,  the  New  Bed 
Sandstone  of  England,  considered  aa  one  great  complex  formation, 
may  be  divided  into  seven  members,  composed  of  sandstones^  lime- 
stones, and  marls ;  five  of  which  represent  respectively  the  BoUu  todt» 
liegemde  ;  the  Kupfir  schiefer  ;  the  Zeekstein,  (with  the  BauehwaekSj 
Akktj  and  Stinkstein  of  the  Thuringenwald ;)  the  Bunter  eandstein  ; 
and  the  Keuper :  while  the  Musckelkalky  which  lies  between,  the  two 
]mX  members  of  the  German  list,  has  not  yet  been  discovered  in  onr 
geological  series.  ^  Such  a  coincidence,"  he  observes,*  "  in  the  snb- 
dirisions  of  two  distant  mechanical  deposits,  even  upon  the  snppoai- 
tion  of  their  being  strictly  contemporaneous,  is  truly  astonishing.  It 
has  not  been  assumed  hypothetically,  but  is  the  fiur  result  of  the  facte 
which  are  recorded  in  this  paper." 

As  an  example  in  which  the  study  of  geological  equivalento  becomes 
still  more  difficult,  we  may  notice  the  attcmpte  to  refer  the  strate  of 


*  De  la  Beche,  Manual,  881.  *  CM,  IVana.  Second  Series,  ill  121. 


the  Alps  to  tho«e  of  the  north-west  of  Eoiope.  The  dark-colored 
marbles  and  schists  resembling  mica  slate  ^*  were,  during  the  preva- 
lence of  the  Wemerian  theory,  referred,  as  was  natural,  to  the  tnmsi- 
tion  class.  The  striking  physical  characters  of  this  moontain  region, 
and  its  long-standing  celebrity  as  a  subject  of  mineralogical  eraminsr 
tbn,  made  a  complete  subversion  of  the  received  opinion  req^ecting 
its  place  in  the  geological  series,  an  event  of  great  importance  in  the 
history  of  the  science.  Yet  this  was  what  occurred  when  Dr.  Buok^ 
land,  in  1820,  threw  his  piercing  glance  upon  this  district  He  imme- 
diately pointed  out  that  these  masses,  by  tiieir  fossils,  aj^roacli  to  fhe 
Oolitic  Series  of  this  country.  From  this  view  it  followed,  that  the 
geological  equivalents  of  that  series  were  to  be  found  among  rocbB  in 
which  the  mineralogical  characters  were  altogether  different,  and  thai 
the  loose  limestones  of  England  represent  some  of  the  highly-eompael 
and  crystalline  marbles  of  Italy  and  Greece.  This  view  was  confirmed 
by  subsequent  investigations ;  and  the  correspondence  was  traced,  not 
only  in  the  general  body  of  the  formations,  but  in  the  occurrence  of 
the  Bed  Marl  at  its  bottom,  and  the  Green  Sand  and  Chalk  at  its 
top. 

The  talents  and  the  knowledge  which  such  tasks  require  are  of  no  or- 
dinary kind ;  nor,  even  with  a  consummate  acquaintance  with  the  well-' 
ascertained  formations,  can  the  place  of  problematical  strata  be  decided 
without  inmiense  labor.  Thus  the  examination  and  delineation  of 
hundreds  of  shells  by  the  most  skilful  conchologists,  has  been  thought 
necessary  in  order  to  determine  whether  the  calcareous  beds  of  Maes- 
tricht  and  of  Gosau  are  or  are  not  intermediate,  as  to  their  organic 
contents,  between  the  chalk  and  the  tertiary  formations.  And  sca^^y 
any  point  of  geological  classification  can  be  settled  without  a  similar 
union  of  the  accomplished  naturalist  with  the  laborious  geological 
collector. 

It  follows  from  the  views  already  presented,  of  this  part  of  geology, 
that  no  attempt  to  apply  to  distant  countries  the  names  by  which  the 
well-known  European  strata  have  been  described,  can  be  of  any  value, 
if  not  accompanied  by  a  corresponding  attempt  to  show  how  far  the 
European  series  is  really  applicable.  This  must  be  borne  in  mind  in 
estimating  the  import  of  the  geological  accounts  which  have  been 
given  of  various  parts  of  Asia,  Africa,  and  America.  For  instance, 
when  the  carboniferous  group  and  the  new  red  sandstone  are  stated  to 
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be  iaand  in  India,  we  require  to  be  assured  that  these  formations  are, 
in  some  way,  the  eqairalents  of  their  synonyms  in  countries  better 
eiplored.  Till  this  is  done,  the  resolts  of  observation  in  such  places 
would  be  better  conveyed  by  a  nomenclature  implying  only  those  &cts 
of  resemblance,  difference,  and  order,  which  have  been  ascertained  in 
the  ooontry  so  described.  We  know  that  serious  errors  were  iucurred 
hf  the  attempts  made  to  identify  the  Tertiary  strata  of  other  countries 
with  those  first  studied  in  the  Paris  basin.  Fancied  points  of  resem- 
blance^ Mr.  Lyell  observes,  were  magnified  into  undue  importance,  and 
•wiential  differences  in  mineral  character  and  organic  contents  were 
tfanred  over. 

[3]id  Ed.]  [The  extension  of  geological  surveys,  the  construction  of 
geolpgical  maps,  and  the  determination  of  the  geological  equivalents 
which  replace  each  other  in  various  countries,  have  been  carried  on  in 
omtiniiation  of  the  labors  mentioned  above,  with  enlarged  activity, 
mige,  and  means.  It  is  estimated  that  one-third  of  the  land  of  eadi 
hemisphere  has  been  geologically  explored ;  and  that  thus  Descriptive 
Oec^ogy  has  now  been  prosecuted  so  &r,  that  it  is  not  likely  that  even 
the  extension  of  it  to  the  whole  globe  would  give  any  material  noveky 
of  aq[>ect  to  Theoretical  Geology.  The  recent  literature  of  the  subject 
is  so  Tolnminous  that  it  is  impossible  for  me  to  give  any  account  of  it 
here ;  very  imperfectly  acquainted,  as  I  am,  even  with  the  English 
portion,  and  still  more,  with  what  has  been  produced  in  other 
eoontries. 

While  I  admire  the  energetic  and  enlightened  labors  by  which  the 
philosophers  of  France,  Belgium,  Germany,  Italy,  Russia,  and  America, 
have  promoted  scientific  geology,  I  may  be  allowed  to  rejoice  to  see  in 
the  very  phraseology  of  the  subject,  the  evidence  that  English  geolo- 
gists have  not  failed  to  contribute  their  share  to  the  latest  advances  in 
the  science.  The  following  order  of  strata  proceeding  upwards  is  now, 
I  think,  recognized  throughout  Europe.  The  Silurian  ;  the  Devonian 
(Old  Bed  Sandstone ;)  the  Carboniferous  ;  the  Permiar^  (Lower  part 
of  the  new  Red  Sandstone  series ;)  the  Trias^  (Upper  three  members 
of  the  New  Red  Sandstone  series ;)  the  Lias  ;  the  Oolite,  (in  which 
are  reckoned  by  M.  D'Orbigny  the  Etages  Batlumien,  Oxonien,  Kimr 
Wkeridgien^  and  Fortlandien ;)  the  Neocomieny  (Lower  Green  Sand,) 
the  Chalk ;  and  above  these.  Tertiary  and  Supra-Tertiary  beds.  Of 
these,  the  Silurian,  described  by  Sir  R.  Murchison  from  its  types  in 
South  Wales,  has  been  traced  by  European  Geologists  through  the 
Ardennes,  Bervia,  Turkey,  the  shores  of  tiie  Gulf  of  Finland,  the  valley 
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liasiftsippi,  the  west  ccM*t  of  North  Amorica,  and  the  motm- 
Soutii  ^Vjoaerica,     Ag»in,  the  labors  of  Prof,  Sedgwick  atul 
urclii&on,  in  183G,  *7,  and  %  aided  by  the  sagacity  of  Mr.  ' 
,  led  to  their  placing  certain  rocka  of  Itevon  ard  Cornwall  aa 
on  intermediate  between  the  Silurian  and  Carboniferous  Sg- 
1  the  Devonian  SysUm  thus  eatablished  hafi  been  acoepied  by 
s  in  general,  and  has  been  traced,  not  onJy  in  various  parte  of 
but  in  Australia  and  Taamania^  and  in  the  nfiighborhood  of 
ranies. 
the  Cjirboniferons  Series,  Sir  R.  Mnrchison  and  bia  fellow 
M.  c^c  Vcmcnil  and  Count  Keperling,  hare  found  in  Rnfaui 
velopcj  series  of  rocka  occupying  the  ancient  kingdom  of 
which  they  hare  bence  called  the  Permian  form^tkn  ;   and 
1  nlpo  has  found  general  acceptance*    The  next  group,  the 
Musoholkalk,  and  Buntcr  Sand&tein  of  Germany,  has  been 
Tn\j.^  by  the  continental  geologists*      The  ^"tocomitn  ia  80 
►m  Neuohatv^U  ^^ere  it  is  largely  developed-    Below  all  the« 
Qc,  in  Eni;i:laTid,  the  Cambrian^  on  which  Prof,  Sedgwick  hai 
[  so  many  years  of  valuable  labor*    The  comparifton  of  tlie 
'.  and  Ilypozoic  rocks  of  different  countries  ia  probably  atiU 
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pkyrieal  hnlory  of  the  regioii,  the  boumdarieB  of  its  nusedseabottoini^ 
ttw  •kxw  ^  the  great  oonthieiit  on  which  the  nuunmoths  lired^  the 
period  when  the  gold  ore  was  formed,  and  when  the  watershed  of  the 
Uvd  eham  was  elefsted.] 


CHAPTER  IV. 
AnxiiFTB  TO  DiBOoyxB  GxNXBAL  Laws  nr  Gsoloot. 


SeeL  1. — General  Geological  Phenomena, 

BBSIDSS  thos  noticing  soch  featoiea  in  the  rocks  of  each  country 
aa  were  necessary  to  the  identification  of  the  strata,  geologists 
hvfe  had  many  other  phenomena  of  the  earth's  snr&ce  and  materials 
pnsented  to  their  notice ;  and  these  they  have,  to  a  certain  extent^ 
attempted  to  generalize,  so  as  to  obtain  on  this  subject  what  we  ha^e 
eJsewhere  termed  the  Laws  of  Phenomena,  which  are  the  best  mate* 
riab  for  physical  theory.  Without  dwelling  long  upon  these,  we  may 
briefly  note  some  of  the  most  obvious.  Hius  it  has  been  observed 
tfiat  mountain  ranges  often  consist  of  a  ridge  of  subjacent  rock,  on 
whieh  lie,  on  each  side,  strata  sloping  from  the  ridge.  Such  a  ridge 
k  an  AntieUnal  Iam^  a  MinercUopical  Axis.  The  sloping  strata  pre* 
sent  their  Bscarpemente,  or  steep  edg^  to  this  axis.  Again,  in  min* 
ing  eonntries,  the  Veins  which  contain  the  ore  are  usually  a  sfrstem 
of  parallel  and  nearly  vertical  partitions  in  the  rock ;  and  these  are^ 
in  very  many  cases,  intersected  by  another  system  of  veins  parallel  to 
eaeh  otiier  and  nearly  perpendicular  to  the  former.  Rocky  r^;k>na 
ate  often  intersected  by  Faulte^  or  fissures  interrupting  the  strata,  in 
whieh  the  rock  on  one  side  the  fissure  appears  to  have  been  at  fint 
ccmtinuous  with  that  on  the  other,  and  shoved  aside  or  up  or  down 
after  the  iracture.  Again,  besides  these  larger  fi»ctures,  rocks  have 
/o<iili^^--6eparations,  or  tendencies  to  separate  in  some  directions  rar 
ther  than  in  others ;  and  a  slaty  Cleavagej  in  which  the  parallel  sob* 
divisions  may  be  carried  on,  so  as  to  produce  laminsB  of  indefinite 
thinness.  As  an  example  of  those  laws  of  phenomena  of  which  we 
hatfe  spoken,  we  may  instance  the  general  Uw  asserted  by  Prot  Sedg- 
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<U  however,  as  free  from  exccptJo&)f  tSmi  in  Ctt*  fftrtbolfl 


ocks  the  slaty  Cleavitge  nev^r  coinddcA  with  th« 

^  i 

lenomena.  of  motftlhferous  vtaina  may  be  referfadto^  ua&atlifii 
SA  of  fdctfi  ^hich  demand  the  txoikii  of  tbe  geolc^fi^    M 

difficult  to  point  out  briefly  »ny  gCDcr^  laws  whkh  prOTBil  in 
^\  but  in  ordoT  to  ahow  the  curious  Aitd  compleJc  nattire  <d 

it  may  be  sufficient  to  refer  to  the  dc^criplion  of  the  metftUi^ 
DornwAll  by  Mr,  Carac;*  in  T?hicb  the  author  mftinUiiw  th«| 
lous  cont<;nt£»  and  the  inaoiteT  in  wbtch  thtsy  cut  acroM,  All4 
hift^  each  otiier,  leads  naturaUy  to  the  assuinpUon  of  vetna  of i 
mn  six  or  eight  dififitent  ages  in  oue  kind  of  rotk, 

a£  important  chuacten  belonging  to  Uie  pbyhical  history  <rf^ 
f  and  therefore  to  geology ^  we  may  notice  all  tbe  gioner&l  lawi 
fcr  to  iU  tempcratofe; — both  the  laws  of  cUmato,  fti  dfbee; 
'  the  isothermal  linm^  which  Hnmltoldt  ha&  drawn,  by  tfatil|| 
kumerons  observations  made  in  aU  pait»  of  the  world  ;  An4 
}  ^1  more  curious  facts,  of  the  increase  of  teoiperature  wlkid| 
i!«  BB  wc  descend  iu  the  fiolid  mass.  The  tatter  circum«tuW|| 
tg  for  a  while  rejected  as  a  fable,  or  eiplained  away  «»  a^ 
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[  of  sadden  and  abrapt  Thns  the  coal  measores  in  the  soath  of 
.  are  above  the  moantain  limestone ;  and  the  distinction  of  the 
iBRDations  is  of  the  most  marked  kind.  But  as  we  adrance  north- 
vaid  into  the  coal-field  of  Yorkshire  and  Dorham,  the  subjacent  lime- 
ilime  begins  to  be  snbdiyided  by  thick  masses  of  sandstone  and 
enbonaceoos  strata,  and  passes  into  a  complex  deposit,  not  distingoish- 
dUe  irom  the  overlying  coal  measores ;  and  in  this  manner  the  transition 
frnn  the  Hmestone  to  the  coal  is  made  by  alternation.  Thus,  to  nse 
aaother  expression  of  M.  de  Hnmboldt's  in  ascending  from  the  lime- 
Ame^  the  coal,  before  we  quit  the  subjacent  stratom,  preludes  to  its 
fidler  exhibition  in  the  superior  beds. 

Again,  as  to  another  point :  geologists  have  gone  on  up  to  the 
pnsent  time  endeavoring  to  discover  general  laws  and  facts,  with 
regard  to  the  position  of  mountain  and  mineral  masses  upon  the  surfcu^e 
of  tiie  earth.  Thus  M.  Yon  Buch,  in  his  physical  description  of  tiie 
Omaries,  has  given  a  masterly  description  of  the  lines  of  volcanic  action 
md  volcanic  products,  all  over  the  globe.  And,  more  recentiy,  M. 
Slie  de  Beaumont  has  offered  some  generalizations  of  a  still  wider  kind. 
In  this  new  doctrine,  those  mountain  ranges,  even  in  distant  parts  of 
the  wi^d,  which  are  of  the  same  age,  according  to  the  classifications 
already  spoken  o(  are  asserted  to  be  parallel^  to  each  other,  while  those 
ranges  which  are  of  different  ages  lie  in  different  directions.  This 
very  wide  and  striking  proposition  may  be  considered  as  being  at 
present  upon  its  trial  among  the  geologists  of  Europe.* 

Among  the  organic  phenomena,  also,  which  have  been  the  subject 
of  geological  study,  general  laws  of  a  very  wide  and  comprehensive 
kind  have  been  suggested,  and  in  a  greater  or  less  degree  confirmed 
by  adequate  assemblages  of  facts.  Thus  M.  Adolphe  Brongniart  has 
not  only,  in  his  Fossil  Flora,  represented  and  skilfully  restored  a  vast 
number  of  the  plants  of  the  ancient  world ;  but  he  has  also,  in  the 
Prodramus  of  the  work,  presented  various  important  and  striking 
.  of  the  general  character  of  the  vegetation  of  former  periods,  as 


*  We  may  observe  that  the  notion  of  parallelism,  when  applied  to  lines  drawn 
oo  nmcit  portions  of  a  globular  surfaoe,  requires  to  be  interpreted  in  bo  arbitrary 
a  manner,  that  we  can  hardly  imagine  it  to  express  a  physical  law. 

*  Mr.  Lyell,  in  the  sixth  edition  of  his  FrincipUi,  B.  i  c  xil,  has  combated 
the  hypotheeiB  of  M.  Elie  de  Beaumont^  stated  in  the  text  He  has  argaed  both 
against  the  catastrophic  character  of  the  elevation  of  momitain  chains,  and  the 
parallelism  of  the  contemporaneous  ridges.  It  is  evident  that  the  former  doe 
trine  may  be  tme^  though  the  latter  be  shown  to  be  fiUssi 
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insolar  or  eoiitiiieiitaly  tropicil  or  tempera^  AndM.  Agaiwi^bythg 
ecnmihiatioii  of  an  incrodilde  number  of  wp&cmnam  and  oottectioiia  of 
Ibflfiil  fish,  has  been  led  to  results  which,  vqwesaed  in  terma  of  hiaofwn 
ichthyological  classification,  fonn  lemaitaWe  genend  kwa^  Jhm^  ao- 
cording  to  him,*  when  we  go  below  the  lias,  we  loee  all  traoea  of  two  of 
the  fonr  orders  under  which  he  comprehenda  all  known  Idnda  of  fish; 
namely,  the  Cyelcfidean  and  the  Ctmndldeim  ;  while  tiie  other  two  rndtn, 
the  SianoMean  and  Plactiideany  rare  in  onr  d^^  aoddenljr  appe«  ii 
great  nnmbers,  together  with  large  sanroid  and  Gamirotoos  fiskesi 
Cnvier,  in  constmoting  his  great  woilr  on  ichtiiyology,  tranafinred  ta 
M.  Agassiz  the  whole  subject  of  fossil  fishes,  thus  showii^  how  h^Uj 
he  esteemed  his  talents  as  a  naturalist.  And  M.  Agassis  haa  ahown 
himself  worthy  of  his  great  predecessor  in  geological  natnral  hirtoiy, 
not  only  by  his  acuteness  and  activity,  but  by  the  compreiheDsiTe 
character  of  his  xoological  philosophy,  and  by  the  courage  with  wUoh 
he  has  addressed  himself  to  the  vast  labors  which  lie  before  hinu  In  his 
Report  on  the  Foeeil  FUh  dieeovered  in  England^  published  in  1886, 
he  briefly  sketches  some  of  the  large  questions  which  his  researehtt 
have  suggested ;  and  then  adds,^  <*  Such  is  the  meagre  outline  of  a 
history  of  the  highest  interest,  full  of  curious  episodes,  but  moat  difll- 
eult  to  relate.  To  unfold  the  detaih  which  it  contains  will  be  the 
business  of  my  life.** 

[2nd  Ed.]  [In  proceeding  downwards  through  the  series  of  forma- 
tions into  which  geologists  hate  distributed  the  rocks  of  the  earth, 
one  class  of  organic  forms  after  another  is  found  to  disappear.  In  the 
Tertiary  Period  we  find  all  the  classes  of  the  present  world :  Mam- 
mals, Birds,  Reptiles,  Fishes,  Cmstaceans,  MoUnsks,  Zoophytes.  In 
the  Secondary  Period,  from  the  Chalk  down  to  the  New  Red  Sand- 
stone, Mammals  are  not  found,  with  the  minute  exception  of  the  mar- 
supial amphitheriwn  and  phaecolotherium  in  the  Stonesfield  slate.  In 
the  Carbonifbrous  and  Devonian  period  we  have  no  large  Reptiles, 
with,  again,  a  minute  amount  of  exception.  In  the  lower  part  of  the 
Silurian  rocks,  Fishes  vanish,  and  we  have  no  animal  forms  but  Mol- 
bsks,  Crustaceans  and  Zoophytes. 

The  Carboniferous,  Devonian  and  Silurian  fbrmations,  thus  con- 
taining tiie  oldest  forms  of  life,  have  been  termed  paloeozoie.  TTie 
boundaries  of  the  life-bearing  series  have  not  yet  been  determined ; 
but  the  series  in  which  vertebrated  animals  do  not  appear  haa  been 


*  Greenough,  Addrm  to  Oeol.  Soe.  1886,  p.  19.      ^  BHi,  A$9oe,  Btport,  p.  78. 
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pioyisioiially  termed  protozaic^  and  the  lower  Silurian  rocks  may 
protMiblj  be  looked  upon  as  its  npper  members.  Below  this,  geolo- 
gte  place  a  hypoxoic  or  azoic  series  of  rocks. 

Geologists  differ  as  to  the  question  whether  these  changes  in  the 
inhabitants  of  the  globe  were  made  by  determinate  steps  or  by  insen- 
able  gradations.  M.  Agassiz  has  been  led  to  the  conviction  that  the 
oiganiaed  population  of  the  globe  was  renewed  in  the  interval  of  each 
principal  member  of  its  formations.*  Mr.  Lyell,  on  the  other  hand, 
eonoeivea  that  the  change  in  the  collection  of  organized  beings  was 
gradnaly  and  has  proposed  on  this  subject  an  hypothesis  which  I  shall 
Iwnafter  consider.] 

S€ct.  ^i — TramUUm  to  Oeohgkal  Dynamics, 

Wbilb  we  have  been  giving  this  account  of  the  objects  with  which 
Dttcriptive  Geology  is  occupied,  it  must  have  been  felt  how  diffionlt 
it  ]B|  in  contemplating  such  facts,  to  confine  ourselves  to  description 
and  daasification.  Oonjectures  and  reasonings  respecting  the  causes 
of  the  phenomena  force  themselves  upon  us  at  every  step ;  and  even 
inflnence  our  classification  and  nomenclature.  Our  Descriptive 
Geology  impels  us  to  endeavor  to  construct  a  Physical  Geology.  This 
dose  connexion  of  the  two  branches  of  the  subject  by  no  means  in- 
validates the  necessity  of  distinguishing  them :  as  in  Botany,  although 
the  formation  of  a  Natural  System  necessarily  brings  ns  to  physiolo- 
gical relations,  we  still  distinguish  Systematic  from  Physiological 
Botany. 

Supposing,  however,  our  Descriptive  Geology  to  be  completed,  as 
frr  as  can  be  done  without  considering  closely  the  causes  by  which 
the  strata  have  been  produced,  we  have  now  to  enter  upon  the  other 
province  of  the  science,  which  treats  of  those  causes,  and  of  which  we 
have  already  spoken,  as  Physical  Geology,  But  before  we  can  treat 
thifl  department  of  speculation  in  a  manner  suitable  to  the  conditions 
of  science,  and  to  the  analogy  of  other  parts  of  our  knowledge,  a 
certain  intermediate  and  preparatory  science  must  be  formed,  of  which 
we  shall  now  consider  the  origin  and  progress. 


'  Brit,  Auoe.  Report  1842,  p.  88. 


GEOLOGICAL   DYNAMOS. 


CHAPTER  V. 
Inobgahio  Gbolooioal  Dtkamios. 


Sect,  1. — Nece$9ity  and  Object  of  a  Science  of  Geological  DynamkL 

'  the  stnictare  and  arrangement  which  men  obeenred  in  tin 
materials  of  the  earth  instigated  them  to  specnlate  oonceniiiig 
the  past  changes  and  revolutions  by  which  snch  results  had  been  pro- 
duced, they  at  first  supposed  themselves  sufficiently  able  to  judge 
What  would  be  the  effects  of  any  of  the  obvious  agents  of  change,  as 
water  or  volcanic  fire.  It  did  not  at  once  occur  to  them  to  suspeeti 
that  their  common  and  extemporaneous  judgment  on  such  points  was&r 
from  sufficient  for  sound  knowledge ; — they  did  not  foresee  that  they 
must  create  a  special  science,  whose  object  should  be  to  estimate  the 
general  laws  and  effects  of  assumed  causes,  before  they  could  pro- 
nounce whether  such  causes  had  actually  produced  the  particular  fiicts 
which  their  survey  of  the  earth  had  disclosed  to  them. 

Yet  the  analogy  of  the  progress  of  knowledge  on  other  subjects 
points  out  very  clearly  the  necessity  of  such  a  science.  When  phe- 
nomenal astronomy  had  arrived  at  a  high  point  of  completeness,  by 
the  labors  of  ages,  and  especially  by  the  discovery  of  Kepler^s  laws, 
astronomers  were  vehemently  desirous  of  knowing  the  causes  of  ihese 
motions ;  and  sanguine  men,  such  as  Eepler,  readily  conjectured  thai 
the  motions  were  the  effects  of  certain  virtues  and  influences,  by  which 
the  heavenly  bodies  acted  upon  each  other.  But  it  did  not  at  fini 
occur  to  him  and  his  fellow-speculators,  that  they  had  not  ascertained 
what  motions  the  influences  of  one  body  upon  another  could  produce; 
and  that,  therefore,  they  were  not  prepared  to  judge  whether  such 
causes  as  they  spoke  of,  did  really  regulate  the  motions  of  the  planets. 
Tet  such  was  found  to  be  the  necessary  course  of  sound  inference. 
Men  needed  a  science  of  motion,  in  order  to  arrive  at  a  science  of  the 
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heftTenly  motionB:  they  could  not  advance  in  the  study  of  the 
Mechanics  of  the  heavens,  till  they  had  learned  the  Mechanics  of  ter- 
restrial bodies.  And  thus  they  were,  in  such  speculations,  at  a  stand 
lor  nearly  a  century,  from  the  time  of  Kepler  to  the  time  of  Newton, 
while  the  science  of  Mechanics  was  formed  by  Qalileo  and  his  succes- 
tors.  Till  that  task  was  executed,  all  the  attempts  to  assign  the  causes 
of  oosmical  phenomena  were  &nciful  guesses  and  vague  araertions; 
ifter  that  was  done,  they  became  demonstrations.  The  science  of 
Dffnamics  enabled  philosophers  to  pass  securely  and  completely  from 
PMenomenal  Astronomy  to  Physical  Astronomy, 

In  like  manner,  in  order  that  we  may  advance  from  Phenomenal 
Geology  to  Physical  Geology,  we  need  a  science  of  Geological  Dyna- 
tmet; — that  is,  a  science  which  shall  Investigate  and  determine  the 
laws  and  consequences  of  the  known  causes  of  changes  such  as  those 
whieh  Geology  considers : — and  which  shall  do  this,  not  in  an  occa- 
■onal,  imperfect,  and  unconnected  manner,  but  by  systematic,  com- 
plefee,  and  conclusive  methods ; — shall,  in  short,  be  a  Science,  and  not 
a  promiscuous  assemblage  of  desultory  essays. 

The  necessity  of  such  a  study,  as  a  distinct  branch  of  geology,  is 
peib^pa  hardly  yet  formally  recognized,  although  the  researches  which 
belong  to  it  have,  of  late  years,  assumed  a  much  more  methodical  and 
•aentific  character  than  they  before  possessed.  Mr.  Lyell's  work 
{frmeiplea  of  Geology),  in  particular,  has  eminently  contributed  to 
piaoe  Geological  Dynamics  in  its  proper  prominent  position.  Of  the 
fMir  books  of  his  Treatise,  the  second  and  third  are  upon  this  di- 
fkion  of  the  subject;  the  second  book  treating  of  aqueous  and 
igneous  causes  of  change,  and  the  third,  of  changes  in  the  organic 
world. 

TliereLiB  no  difSculty  in  separating  this  auxiliary  geological  science 
fiom  theoretical  Geology  itself  in  which  we  apply  our  principles  to 
fhe  ei|danation  of  the  actual  facts  of  the  earth's  surfiEU^e.  The  former, 
if  perfected,  would  be  a  demonstrative  science  dealing  with  general 
eMea;  the  latter  is  an  eetiological  view  having  reference  to  special 
teti;  the  one  attempts  to  determine  what  always  must  be  under 
given  conditions ;  the  other  is  satisfied  with  knowing  what  is  and  has 
been,  and  why  it  has  been ;  the  first  study  has  a  strong  resemblance 
to  Mechanics,  the  other  to  philosophical  Archseology. 

Since  this  portion  of  science  is  still  so  new,  it  is  scarcely  possible  to 
pve  any  historical  account  of  its  progress,  or  any  complete  survey  of 
ita  ahape  and  component  parts.    I  can  only  attempt  a  few  notices, 
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ay  enable  us  in  some  measure  to  judge  to  what  point  this 
>f  oar  suLJQCt  is  tending. 

ay  romart,  iti  thia  as  in  former  caseft,  tbat  since  we  have  Let* 
er  the  formation  and  progre^  of  a  aeiencej  we  must  treat  aft 
ant  preludes  to  its  hiatorjj  tlie  detached  and  castuJ  observe 
,he  effects  of  causes  of  change  which  we  find  in  older  writersL 
r  Avhen  wu  come  to  systematic  colJection*  of  information,  such 
fforJ  tlj(.^  means  of  dmwtng  general  conclnaions;  or  to  rigo- 
uctions  from  known  laws  of  nature; — that  we  can  recognise 
rat<?  cxJi?tt.'JKO  of  geological  dynamicsj  aa  a  path  of  scientific 

>llowin^  may  pcrbapa  saffice,  for  the  present^  a&  a  sketch  of 
^cte  of  ivhich  this  iJtience  treaU: — the  aqueous  cauae«  of 
ir  those  in  which  water  adda  to,  takes  from,  or  tranRferSj  the 

of  the  land: — the  igneous  cauaes;  volcanoes,  and>  ctoaelj 
1  with  ihen^  earthquakes,  and  the  forces  by  which  they  are 

;— the  calculations  which  determine,  on  physical  principle^ 
tis  of  ii£>sumed  mechanical  causefl  acting  upon  large  portioDB  of 
,  of  the  earth ; — the  effect  of  the  forces,  wliatever  they  be, 
oducc  Uie  crj^etalline  teiture  of  rocks,  their  fissile  structor*^ 

mOBQANIO  COOLOGIOAL  BTKAMIGS.  616 

nmj  at  least  be  able  to  show  the  impfobability  of  some  conjectures 
which  have  been  propounded. 

I  shall  now  give  a  very  brief  account  of  some  of  the  attempts  made 
m  these  various  departments  of  this  province  of  our  knowledge ;  and 
m  the  present  du^ter^  of  Inorganic  Changes. 

Sect.  2. — Aqueotis  Causes  of  Change, 

Tka  controversies  to  which  the  various  theories  of  geologists  gave 
ike^  proceeding  in  various  ways  upon  the  ^ects  of  the  existing  causes 
of  change,  led  men  to  observe,  with  some  attention  and  perseverance, 
die  actnal  operation  of  such  causes.  In  this  way,  the  known  effect 
ef  ibe  Bhine,  in  filling  np  the  Lake  of  Geneva  at  its  upper  extremity, 
was  referred  to  by  De  Luc,  Eirwan,  and  others,  in  their  dispute  with 
Ae  Hnttonians ;  and  attempts  were  even  made  to  calculate  how  dia- 
the  period  waa,  when  this  alluvial  deposit  first  began.  Other 
observers  have  attended  to  sifiilar  facts  in  the  natural  history 
ef  ffrers  and  seas.  But  the  subject  may  be  considered  as  having  first 
Mnnmed  its  proper  form,  when  taken  up  by  Mr.  Yon  Hoff ;  of  whose 
Stdmry  €f  the  Natural  Changes  of  the  EariKs  sufface  tohieh  are 
fmHd  ht  Tradition,  the  first  part,  treating  of  aqueous  changes,  ap- 
peared in  1822.  This  work  was  occasioned  by  a  Prize  Question  of 
the  B^yal  Society  of  Gottingen,  promulgated  in  1818 ;  in  which  these 
changes  were  proposed  as  the  subject  of  inquiry,  with  a  special  refer- 
eaee  to  geology.  Although  Yon  Hoff  does  not  attempt  to  establish 
lay  genial  inductions  upon  the  facts  which  his  book  contains,  the 
eoDection  of  such  a  body  of  facts  gave  almost  a  new  aspect  to  the 
inbject,  by  showing  that  changes  in  the  relative  extent  of  land  and 
water  iNfe  going  on  at  every  time,  and  almost  at  every  place ;  and 
that  mutability  and  fluctuation  in  the  form  of  the  solid  parts  of  the 
earth,  which  had  been  supposed  by  most  persons  to  be  a  rare  excep- 
tion to  the  conmion  course  of  events,  was,  in  fact,  the  universal  rule. 
But  it  was  Mr.  Lyell's  Principles  of  Geology,  being  an  attempt  to  ex- 
plain the  former  Changes  of  the  EariKs  Surface  by  the  causes  now 
m  o^ton  (of  which  the  first  volume  was  published  in  1880),  which 
disclosed  the  full  effect  of  such  researches  on  geology ;  and  which  at- 
tonpted  to  present  such  assemblages  of  special  fitcts,  as  examples  of 
general  laws.  Thus  this  work  may,  as  we  have  said,  be  looked  upon 
aa  the  banning  of  Geological  Dynamics,  at  least  among  us.  Sbch  ^ 
generalisations  and  applications  as  it  contains  give  the  most  livelj 
Vol.  IL— 86. 
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a  thoDsand  observataone  reapectiiig  riverB  and  floodi%  inaoi»- 

]Tnr>rawes  wbich  otherwiii^  appear  witbout  aim  or  me&mn^; 

Ithis  depflrtment  of  science  cannot  foil  to  be  constanUv  aug- 

Iv  contributions  from  every  aide*     At  the  same  time  it  » 

ibeio  rontribationa,  Totummous  as  they  must  become,  must, 

M  time,  be  resolved  into  laws  of  ^^reater  and  greater  gene- 

i^i  th^t  tbus  alone  the  progre^  of  thia^  aa  of  all  other  «c)ence9^ 

not  attempt  any  detaQed  enumeration  of  the  modea  of 

l(?tion  which  are  here  to  be  considered.     Some  are  deatractivie^ 

Iho  nverfi  erode  the  channels  in  which  they  flow;  or  whett 

I,  by  their  perpetual  a&sauitf  shatter  tjie  shoresj  and  carry  the 

Ibtm  into  tbe  aby%  of  the  ocean.     Some  operations  of  the 

the  other  hand,  add  to  the  land  ;  as  wheti  della^  are  formed 

[rjths  of  rivers  or  when  calcareous  springs  form  deposits  of 

Even  when  bound  in  icy  fettcre,  water  is  by  no  meant 

\?{  its  active  power ;  tiie  glacier  carries  into  the  vaUey  mmtm 

live  monntfliTi,  and  oftet)^  becoming  ice-bergs,  float  with  a 

cb  iDrtterials  far  into  the  seas  of  tbe  temperate  Eone,     It 

le  that  vast  beds  of  worn  down  fragments  of  the  existina 
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ktn  on  a  small  scale,  which  is  common  in  the  solid  ice  of  the  glacier. 
The  planes  of  these  ribbons  are,  for  the  most  part,  at  right  angles  to 
tlie  crevasses,  near  the  sides  of  the  glacier,  while,  near  its  central  line, 
they  dip  towards  the  upper  part  of  the  glacier.  This  stmctore  appears 
to  arise  from  the  difference  of  velocities  of  contigaous  moving 
fflamenta  of  the  icy  mass,  as  the  crevasses  themselves  arise  from  the 
tension  of  larger  portions.  Mr.  Forbes  has,  in  successive  publications, 
removed  the  objections  which  have  been  orged  against  this  theory.  In 
the  last  of  them,  a  Memoir  in  the  Phil,  Trans^  1846,  {Uluatrations 
9f  the  Viscous  Theory  of  Glacier  Motion,)  he  very  naturally  e:qpreases 
asfamiabment  at  the  opposition  which  has  been  made  to  the  theory  on 
the  gioond  of  the  rigidity  of  small  pieces  of  ice.  He  has  himself 
diown  that  the  ice  of  glaciers  has  a  plastic  flexibility,  by  marking 
forty-Ave  points  in  a  transverse  straight  line  upon  the  Mer  de  Glace, 
and  observing  them  for  several  days.  The  straight  line  in  that  time 
not  only  became  oblique  to  the  side,  but  also  became  visibly  curved. 

Both  Mr.  Forbes  and  other  philosophers  have  made  it  in  the  highest 
d^ree  probable  that  glaciers  have  existed  in  many  places  in  which 
they  now  exist  no  longer,  and  have  exercised  great  powers  in  trans- 
porting la^e  blocks  of  rock,  furrowing  and  polishing  the  rocks  along 
which  tiiey  slide,  and  leaving  lines  and  masses  of  detritus  or  moraine 
which  they  had  carried  along  with  them  or  pushed  before  them.  It 
cannot  be  doubted  that  extinct  glaciers  have  produced  some  of  the 
effects  which  the  geologist  has  to  endeavor  to  explain.  But  this  part 
of  the  machinery  of  nature  has  been  worked  by  some  theorists  into  an 
exaggerated  form,  in  which  it  cannot,  as  I  conceive,  have  any  place  in 
an  account  of  Geological  Dynamics  which  aims  at  being  perma- 
nent 

The  great  problem  of  the  diffusion  of  drift  and  erratic  blocks  from 
their  parent  rocks  to  great  distances,  has  driven  geologists  to  the  con- 
sideration of  other  hypothetical  machinery  by  which  the  effects  may 
be  accounted  for :  especially  the  great  northern  drift  and  boulders, — 
die  rocks  from  the  Scandinavian  chain  which  cover  the  north  of  Europe 
on  a  vast  area,  having  a  length  of  2000  and  breadth  of  from  400  to  800 
miles.  The  diffusion  of  these  blocks  has  been  accounted  for  by  sup- 
posing them  to  be  imbedded  in  icebergs,  detached  from  the  shore,  and 
floated  into  oceanic  spaces,  where  they  have  grounded  and  been  depo- 
nted  by  the  melting  of  the  ice.  And  this  mode  of  action  may  to  some 
extent  be  safely  admitted  into  geological  speculation.  For  it  is  a  mat- 
ter of  fiict^  that  our  navigators  in  arctic  and  antarctic  regions  have 
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^^k'CTl  kobcrg^  and  iceflocfl  eailiug  along  laden  with  bucL 

■ovL^  c^\plaDatioD  of  the  phenomena  of  drift  supposes  the  land 

ihL  trrt^  trlloJ  niateriala  are  found  to  Lave  been  the  bottoui 

kht.'re  thoy  were  deposited.     But  it  does  not,  even  granting 

lions,  account  for  some  of  the  facts  observed  ; — that  tbo  drift 

tuiild(?t>i  are  deposited  in  "  trainees"  or  streaks,  which,  in 

diverge  from  tlie  parent  rock  ; — and  that  the  bonlders  are 

aiiil  smullcr  size,  aa  tbey  are  found  more  remote  from  ihat 

licsti  phenomena  rather  snggest  the  notion  of  current*  of 

I  tJu'  cause  of  the  dUtribudon  of  the  materials  into  their 

jtuiition^.     And  though  the  suppoattion  that  the  whole  area 

Iby  drift  and  l>ouldeTs  was  a  sea-bottom  when  thej  were  scat^ 

it  much  reduce*  the  amount  of  violence  which  it  is  ncces- 

Unmo  in  order  to  dWtribate  the  loose  massea,  yet  stilt  tht 

Vars  to  1*0  bovond  the  posaible  effect  of  ordinary  marine  cuj^ 

la^iy  Tiiovoniont;3  which  would  be  occasioned  by  a  slow  and 

Ising^  of  thf  centre  of  distribution, 

l*een  snggested  that  a  ^tiddtti  rise  of  the  centre  of  distribution 
[isi^  fl  niotif>n  Jn  the  sorronndini^  ocean  sufficient  to  prot3nc4? 
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lei  bottom  while  rock-bearing  ice-maases  floated  on  the  sni&ce  till 
thej  deposited  their  lading. 

Sir  B.  Mnrchiflon  has  pointed  ont  another  operation  of  ice  in  pro* 
indng  monnda  of  rocky  masses ;  namely,  the  effects  of  rivers  and 
hkesi  in  climates  where,  as  in  Enssia,  the  waters  carry  rocky  frag* 
menta  entangled  in  the  winter  ice,  and  leave  them  in  hei^s  at  the 
hi^eat  level  which  the  waters  attain. 

Hie  extent  to  which  the  effects  of  glaciers,  now  vanished,  are  appa* 
rent  in  many  places,  especially  in  Switzerland  and  in  England,  and 
other  phenomena  of  the  like  tendency,  have  led  some  of  the  most 
cmineait  geologists  to  the  conviction  that,  anterior  to  the  period  of  onr 
piesent  temperature,  there  was  a  Glacial  Period,  at  which  the  tem- 
pefatoro  of  Europe  was  lower  than  it  now  is.] 

Although  the  study  of  the  common  operations  of  water  may  give 
the  geologist  such  an  acquaintance  with  the  laws  of  his  subject  as  may 
much  aid  his  judgment  respecting  the  extent  to  which  such  effecto 
may  proceed,  a  long  course  of  observation  and  thought  must  be 
requisite  before  such  operations  can  be  analysed  into  their  fundamental 
principles,  and  become  the  subjects  of  calculation,  or  of  rigorous  rea- 
soning in  any  manner  which  is  as  precise  and  certain  as  calculation. 
Various  portions  of  Hydraulics  have  an  important  bearing  upon  these 
sabjecta,  including  some  researches  which  have  been  pursued  with  no 
small  labor  by  engineers  and  mathematicians ;  as  the  effects  of  cur* 
rents  and  waves,  the  laws  of  tides  and  of  rivers,  and  many  similar 
problems.  In  truth,  however,  such  subjects  have  not  hitherto  been 
treated  by  mathematicians  with  much  success ;  and  probably  several 
generations  must  elapse  beforo  this  portion  of  geol(^cal  dynamics  can 
become  an  exact  science. 

Sect.  ^.—Igneous  Causes  of  Change.^MotwM  of  the  EartKs 
Surface. 

TlBM  effects  of  volcanoes  have  long  been  noted  as  important  and  strik- 
ing features  in  the  physical  history  of  our  globe ;  and  the  probability 
of  their  connexion  with  many  geological  phenomena,  had  not  escaped 
notice  at  an  early  period.  But  it  was  not  till  moro  recent  times,  that 
the  full  import  of  these  phenomena  was  apprehended.  The  person 
who  first  looked  at  such  operations  with  that  conmianding  general 
view  which  showed  their  extensive  connexion  with  physical  geology, 
was  Alexander  von  Humboldt,  who  explored  the  volcanic  phenomena 
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WorlJ,  from  1799  to  1804.    He  remarked^  the  linettr  difr- 

volcanic  domes,  consideriDg  them  ae  venU  placed  along 
lof  vast  fi&snrcs  commuDicating  wjth  reservoirs  of  igneous 

e\l€Tiding across  whole  continents.  He  observed,  &Uor  the 
Irmpathj-  of  volcanic  and  terremotive  action  in  remote  dis- 
le  earth's  surface,  thus  ahowiTig  how  deeply  seated  most  be 
1  of  thcs(f  convulftioDs^  Thcac  viewB  strongly  excited  and 
the  speculations  of  geologists  ;  and  since  theOj  phenomena 
Li]  have  l^en  collected  into  a  general  view  aa  parts  of  a 
Itoriciil  science.  Von  Hoff,  in  the  second  volnme  of  the 
Idy  mentioned,  was  one  of  the  first  who  did  this  ;  **  At  leasts" 

says,'  (1824,)  "it  was  not  known  to  him  that  any  one 
hnd  endejivored  to  combine  so  large  a  mass  of  facte  with 
111  ideas  of  the  natural  philosopher,  so  as  to  fonn  a  whole." 
Iinpts  wore^  however,  soon  made^  In  1825,  M,  von  TJngem- 
Ipuhliahed  his  book  On  the  N'ature  and  Origin  of  Voira- 
I'hich,  he  sayR,  his  object  is,  to  give  an  empirical  reprcsentft- 
he  pheTiomeL&  In  the  same  year,  Mr,  Foulett  Scrope  pub- 
^ork  in  which  he  described  the  known  facts  of  volcanic 

however,  confining  himself  to  description  5  his  purpose 
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fired  great  levolatioiiB  on  the  earth's  surfiEU^e,  ia  hypothetical ;  and  all 
which  depends  on  this  aaaomption  belongs  to  theoretical  geology. 

Confining  onraelves,  then,  to  volcanic  effects,  which  have  been  pro* 
dnced,  certainly  or  probably,  since  the  earth's  sufEU^e  assumed  its  pre- 
lent  form,  we  have  stiLl  an  ample  exhibition  of  powerfdl  caoses  of 
change,  in  the  streams  of  lava  and  other  materials  emitted  in  emptions ; 
and  still  more  in  the  earthquakes  which,  as  men  easily  satisfied  them- 
sdvea,  are  produced  by  the  same  causes  as  the  eruptions  of  volcanic  fire. 
Mr.  Lyell's  work  was  important  in  this  as  in  other  portions  of  this 
subject.  He  extended  the  conceptions  previously  entertained  of  the 
eflbcta  which  such  causes  niay  produce,  not  only  by  showing  how 
gnat  these  operations  are  historically  known  to  have  been,  and  how 
ooBstantly  they  are  going  on,  if  we  take  into  our  survey  the  whole 
tadayce  of  the  earth ;  but  still  more,  by  urging  the  consequences  which 
would  follow  in  a  long  course  of  time  from  the  constant  repetition  of 
operations  in  themselves  of  no  extraordinary  amount  A  lavarstream 
many  miles  long  and  wide,  and  several  yards  deep»  a  subsidence  ot 
elevation  of  a  portion  of  the  earth's  surface  of  a  few  feet,  are  by  no 
means  extraordinary  facts.  Let  these  operations,  said  Idr.  Lyell,  be 
f^>eated  thousands  of  times ;  and  we  have  results  of  the  same  order 
with  the  changes  which  geology  discloses. 

The  most  mitigated  earthquakes  have,  however,  a  character  of  vio- 
lence. But  it  has  been  thought  by  many  philosophers  that  there  is 
evidence  of  a  change  of  level  of  the  land  in  cases  where  none  of  these 
violent  operations  are  going  on.  The  most  celebrated  of  these  cases 
is  Sweden ;  the  whole  of  the  land  from  Gottenburg  to  the  north  of 
the  Gulf  of  Bothnia  has  been  supposed  in  the  act  of  rising,  slowly 
and  insensibly,  from  the  surrounding  waters.  The  opinion  of  such  a 
change  of  level  has  long  been  the  belief  of  the  inhabitants ;  and  was 
maintained  by  Celsius  in  the  beginning  of  the  eighteenth  century.  It 
has  since  been  conceived  to  be  confirmed  by  various  observations  of 
marks  cut  on  the  face  of  the  rock ;  beds  of  shells,  such  as  now  live 
in  the  neighboring  seas,  raised  to  a  considerable  height ;  and  other 
indications.  Some  of  these  proofs  appear  doubtful ;  but  Mr.  Lyell^ 
after  examining  the  facts  upon  the  spot  in  1834,  says,  ^^  In  regard  to 
the  proposition  that  the  land,  in  certain  parts  of  Sweden,  is  gradually 
r&ing,  I  have  no  hesitation  in  assenting  to  it,  after  my  visit  to  the  dis- 
tricts above  alluded  to."^    K  this  conclusion  be  generally  accepted  by 
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geologists,  we  have  here  a  daily  erample  of  the  op^ation  of  some 
powerful  agent  which  belongs  to  geological  dynamioa ;  and  whidi,  for 
the  purposes  of  the  geological  theorist,  does  the  work  of  the  earth- 
quake upon  a  very  large  scale,  without  awnming  its  terrors. 

[2nd  £d.]  [Examples  of  changes  of  level  of  large  distriota  ooconing 
at  periods  when  the  country  has  been  agitated  by  earthquakes  are 
well  ascertained,  as  the  rising  of  the  coast  of  Chili  in  1822^  and  the 
subsidence  of  the  district  of  Cutch,  in  the  delta  of  the  Indus,  in  1819. 
(Lycll,  B.  iL  c  XV.)  But  the  cases  of  more  slow  and  tranquil  move- 
ment seem  also  to  be  established.  The  gradual  secular  rise  of  the 
shore  of  the  Baltic,  mentioned  in  the  text,  has  been  confirmed  1^ 
subsequent  investigation.  It  appears  that  the  rate  of  elevation  in- 
creases from  Stockholm,  where  it  is  only  a  few  inches  in  a  century,  to 
the  North  Cape,  where  it  is  several  feet  It  appears  also  that  several 
other  regions  are  in  a  like  state  of  secular  change.  The  coast  of 
Greenland  is  sinking.  (Lyell,  B.  u.  c  xviii.)  And  the  existence  of 
** raised  beaches"  along  various  coasts  is  now  generally  accepted 
among  geologists.  Such  beaches,  anciently  forming  the  margin  of  the 
sea,  but  now  fiEir  above  it,  exist  in  many  places ;  for  instance,  along  a 
great  part  of  the  Scotch  coast ;  and  among  the  raised  beaches  of  that 
country  we  ought  probably,  with  Mr.  Darwin,  to  include  the  "  psrallel 
roads  "  of  Glenroy,  the  subject,  in  former  days,  of  so  much  controversy 
among  geologists  and  antiquaries. 

Connected  with  the  secular  rise  and  fjEdl  of  large  portions  of  the 
earth's  surface,  another  agency  which  plays  an  important  part  is 
Geological  dynamics  has  been  the  subject  of  some  bold  yet  singnlai^ 
ly  persuasive  speculations  by  Mr.  Darwin.  I  speak  of  the  formation 
of  Coral,  and  Coral  Reefe.  He  says  that  the  coral-building  animal 
works  only  at  small  and  definite  distances  below  the  surface.  How 
then  are  we  to  account  for  the  vast  number  of  coral  islands,  rings,  and 
ree&,  which  are  scattered  over  the  Pacific  and  Indian  Oceana !  Can 
we  suppose  that  there  are  so  many  mountains,  craters,  and  ridges,  all 
exactly  within  a  few  feet  of  the  same  height  through  this  vast  portion 
of  the  globe's  surfece  ?  This  is  incredible.  How  then  are  we  to 
explain  the  fiicts  ?  Mr.  Darwin  replies,  that  if  we  suppose  the  land  to 
subside  slowly  beneath  the  sea,  and  at  the  same  time  suppose  the 
coralline  zoophytes  to  go  on  building,  so  that  their  structure  constantly 
rises  nearly  to  the  surface  of  the  water,  we  shall  have  the  &ct8  ex- 
plained. A  submerged  island  will  produce  a  ring ;  a  long  coast,  a 
bamer  reef;  and  so  on.    Mr.  Darwin  also  notes  other  phenomena,  as 
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dented  beds  of  coral,  which,  occarring  in  other  placea,  indicate  a 
recent  rising  of  the  land ;  and  on  such  gronnds  as  these  he  divides 
die  sorface  of  those  parts  of  the  ocean  into  regions  of  elevation  and 
of  depression. 

Hie  labors  of  coralline  zoophytes,  as  thns  observed,  form  masses  of 
coral,  sach  as  are  found  fossilized  in  the  strata  of  the  earth.  But  onr 
knowledge  of  the  laws  of  life  which  have  probably  affected  the  distri- 
bation  of  marine  remains  in  strata,  has  received  other  very  striking 
accessions  by  the  labors  of  Prof.  Edward  Forbes  in  observing  the 
marine  animals  of  the  JEgesxi  8ea.  He  found  that,,  even  in  their 
linng  state,  the  moUasks  and  zoophytes  are  already  distribated  into 
strata.  Dividing  the  depth  into  eight  regions,  from  2  to  230  ^thoms, 
he  foand  that  each  region  had  its  peculiar  inhabitants,  which  disap- 
peared speedily  either  in  ascending  or  in  descending.  The  zero 
of  animal  life  appeared  to  occur  at  about  800  fathoms.  This  curious 
result  bears  in  various  ways  upon  geology.  Mr.  Forbes  himself  has 
given  an  example  of  the  mode  in  which  it  may  be  applied,  by  deter- 
mining the  depth  at  which  the  submarine  eruption  took  place  which 
prodnced  the  volcanic  isle  of  Neokaimeni  in  1707.  By  an  examina- 
tion of  the  fossils  embedded  in  the  pumice,  he  showed  that  it  came 
from  the  fourth  region.* 

To  the  modes  in  which  organized  beings  operate  in  producing  the 
materials  of  the  earth,  we  must  add  those  pointed  out  by  the  extra- 
ordinary microscopic  discoveries  of  Professor  Ehrenberg.  It  appears 
that  whole  beds  of  earthy  matter  consist  of  the  cases  of  certain  infu- 
soria, the  remains  of  these  creatures  being  accumulated  in  numbers 
which  it  confounds  our  thoughts  to  contemplate.] 

Speculations  concerning  the  causes  of  volcanoes  and  earthquakes, 
and  of  the  rising  and  sinking  of  land,  are  a  highly  important  portion 
of  this  science,  at  least  as  far  as  the  calculation  of  the  possible  results 
of  definite  causes  is  concerned.  But  the  various  hypotheses  which 
have  been  propounded  on  this  subject  can  hardly  be  considered  as 
sniBciently  matured  for  such  calculation.  A  mass  of  matter  in  a  state 
of  igneous  fusion,  extending  to  the  centre  of  the  earth,  even  if  we 
make  such  an  hypothesis,  requires  some  additional  cause  to  produce 
eruption.  The  supposition  that  this  fire  may  be  produced  by  intense 
chemical  action  between  combining  elements,  requires  further,  not  only 
flome  agency  to  bring  together  such  elements,  but  some  reason  why 


•  Bfituih  Attoe.  Exports,  1848,  p^  177. 
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they  should  be  originally  separate.  And  if  any  other  canaea  have 
been  snggested,  as  electricity  or  magnetism,  this  has  been  done  so 
vaguely  as  to  elude  all  possibility  of  rigorona  deduction  from  the 
hypothesis.  The  doctrine  of  a  Central  Heat,  however,  has  occi^ied 
so  considerable  a  place  in  theoretical  geology,  that  it  ought  nndoubt- 
edly  to  form  an  article  in  geological  dynamics. 

Sect.  A.^The  Doctrine  of  Ceniral  Beai. 

Tbm  early  geological  theorists  who,  like  Leibnits  and  BnfTon,  aasumed 
that  the  earth  was  originally  a  mass  in  a  state  of  igneous  fusion,  natu- 
rally went  on  to  deduce  from  this  hypothesis,  that  the  crust  consoli- 
dated and  cooled  before  the  interior,  and  that  there  might  still  remain 
a  central  heat,  capable  of  producing  many  important  effects.  But  it 
is  in  more  recent  times  that  we  have  measures  of  such  effects,  and  cal- 
culations which  we  can  compare  with  measures.  It  was  found,  as  we 
have  said,  that  in  descending  below  the  surficice  of  the  earth,  the  tem- 
perature of  its  materials  increased.  Now  it  followed  from  Fourier's 
mathematical  investigations  of  the  distribution  of  heat  in  tlie  earth, 
that  if  there  be  no  primitive  heat  {chaleur  d^originB)^  the  temperature^ 
when  we  descend  below  the  crust,  will  be  constant  in  each  vertical 
Une.  Hence  an  observed  increase  of  temperature  in  descending, 
appeared  to  point  out  a  central  heat  resulting  from  some  cause  now  no 
longer  in  action. 

The  doctrine  of  a  central  heat  has  usually  been  combined  with  the 
supposition  of  a  central  igneous  fluidity ;  for  the  heat  in  the  neighbor- 
hood of  the  centre  must  be  very  intense,  according  to  any  law  of  its 
increase  in  descending  which  is  consistent  with  known  principles.  But 
to  this  central  fluidity  it  has  been  objected  that  such  a  fluid  must  be  in 
constant  circulation  by  the  cooling  of  its  exterior.  Mr.  Daniell  found 
this  to  be  the  case  in  all  fused  metals.  It  has  also  been  objected  that 
there  must  be,  in  such  a  central  fluid,  tides  produced  by  the  moon  and 
son ;  but  this  inference  would  require  several  additional  suppositions 
and  calculations  to  give  it  a  precise  form. 

Again,  the  supposition  of  a  central  heat  of  the  earth,  considered  as 
the  effect  of  a  more  ancient  state  of  its  mass,  appeared  to  indicate  that 
its  cooling  must  still  be  going  on.  But  if  this  were  so,  the  earth  might 
contract,  as  most  bodies  do  when  they  cool ;  and  this  contraction  might 
lead  to  mechanical  results,  as  the  shortening  of  the  day.  Laplace  satis- 
fied himself  by  reference  to  ancient  astronomical  records,  that  no  such 
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altentioQ  in  the  length  of  the  day  had  taken  place,  even  to  the  amount 
of  one  two-hnndredth  of  a  second ;  and  thus,  there  was  here  no  con- 
firmation of  the  hypothesis  of  a  primitive  heat  of  the  earth. 

Thoogh  we  find  no  evidence  of  the  secular  contraction  of  the  earth 
in  the  observations  with  which  astronomy  deals,  there  are  some  geolo- 
gical &cts  which  at  first  appear  to  point  to  the  reality  of  a  refirigcration 
within  geological  periods ;  as  the  existence  of  the  remains  of  plants 
ind  shdls  of  tropical  climates,  in  the  strata  of  countries  which  are  now 
near  to  or  within  the  firigid  zones.  These  facts,  however,  have  given 
rise  to  theories  of  the  changes  of  climate,  which  we  must  consider 
tepantdy. 

Bat  we  may  notice,  as  connected  with  the  doctrine  of  central  heat, 
die  manner  in  which  this  hypothesis  has  been  applied  to  explain  vol* 
came  and  geological  phenomena.  It  does  not  enter  into  my  plan,  to 
consider  explanations  in  which  this  central  heat  is  supposed  to  give 
rise  to  an  expansive  force,'  without  any  distinct  reference  to  known 
physieal  laws.  But  we  may  notice,  as  more  likely  to  become  useful 
materials  of  the  science  now  before  us,  such  speculations  as  those  of 
Mr.  Babbage ;  in  which  he  combines  the  doctrine  of  central  heat  with 
other  physical  laws ;'  as,  that  solid  rocks  expand  by  being  heated,  bat 
that  clay  contracts;  that  different  rocks  and  strata  conduct  heat  differ- 
ently ;  that  the  earth  radiates  heat  differently,  or  at  different  parts  of 
its  surface,  according  as  it  is  covered  with  forests,  with  mountains,  with 
deserts,  or  with  water.  These  principles,  applied  to  large  masses,  such 
as  those  which  constitute  the  crust  of  the  earth,  might  give  rise  to 
changes  as  great  as  any  which  geology  discloses.  For  example :  when 
the  bed  of  a  sea  is  covered  by  a  thick  deposit  of  new  matter  worn 
from  the  shores,  the  strata  below  the  bed,  being  protected  by  a  bad 
conductor  of  heat,  will  be  heated,  and,  being  heated,  may  be  expanded ; 
or,  as  Sir  J.  Herschel  has  observed,  may  produce  explosion  by  the  con* 
vernon  of  their  moisture  into  steam.  Such  speculations,  when  founded 
on  real  data  and  sound  calculations,  may  hereafter  be  of  material  use 
in  geology. 

The  doctrine  of  central  heat  and  fluidity  has  been  rejected  by  some 
eminent  philosophers.      Mr.  Lyell*s  reasons  for  this  rejection  belong 


•  Serope  On  VoUanoet,  p.  192. 

^  On  the  Temple  of  Berapie,  1834.  See  slso  J<mmal  of  the  Royol  IneL  vol 
il,  quoted  in  Gonyb.  and  Ph.  p.  xv.  Lyell,  B.  iL  o.  six.  p.  888,  (4th  ed.)  on 
B]qpaDiion  of  Stone. 


>  Tbeor^csi  Geokigf ;  biEt  I 
H^  do«s  noi  ■Mwailo  tk0  i 

^Ui«ftokrfl^«t«ai  lidHViinM^)  ihxivgk  «  partioa  oJFqMcr 
k$  v^ftzmer  th&a  Ou  iput  in  vUcli  il  now  renlf«»  (t^  »»> 
aj  t«,  of  th«  hc«tofolluritB»te«likli  JtwMtben  ftMnr). 
^  thaL  £iDC«  «dh  ft  petiodf  Uur  loriace  has  ccx)l«d  down  bj 
f  of  tk»  tiinnw>Ji^  ttiniBilMii  ii ;  whilo  Uie  b^bakv^iat 
\  dfptht  tttan»  Iha  tnc*  of  the  fi>rTii«T  elentkft  of 
are.  BvltiiMAHnfliMfaaoiSbalrtooipdtlMUlkriD 
stnd  ongm  of  th>  ■HiitBOW  h«aL  For  the  vapposhkm 
fta  mqialkT  w  tb»  taDpSBCan  of  the  dtiffnnit  regicoi  b 
to  »lar  mt«fii  k  phorf  ij^jfeftnt  tim^a,  b  altaptkir  arti- 
^  if  p«hfld  to  tbo  MBMttt  to  which  it  unit  be  menti,  it 

aeeootit  for  tho  phetiomaioii,  i«  highly  UDprobaUe,'  Die 
of  centnl  heit,  <ni  the  otluir  h«nd,  (which  naed  not  bo  eoft* 
s  iioplyiiag  the  wwWwl  iinlttf  of  the  nuM.)  b  ivoi  ooljr 

ai^gfeotH  bj  the  sabtorrvnaoni  locTOaae  of  IttDpenilBn^  hot 
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and  eleyatiiig  them  in  a  conical  form.  Against  this  doctrine,  as  exem- 
plified in  the  most  noted  instances,  strong  aigoments  have  been  adduced 
bj  other  geologists.  Tet  the  protrosion  of  fused  rock  by  subterrane- 
ous fences  upon  a  laige  scale  is  not  denied :  and  how  far  tiie  examples 
of  sach  operations  may,  in  any  cases,  be  termed  craters  of  deration, 
nnut  be  considered  as  a  question  not  yet  decided.  On  the  supposition 
of  the  troth  of  Yon  Buch's  doctrine,  M.  de  Beaumont  has  calculated 
the  rehttions  of  position,  the  fissures,  &c.,  which  would  arise.  And 
Mr.  Hopldns,*  of  Cambridge,  has  investigated  in  a  much  more  general 
manner,  upon  mechanical  principles,  the  laws  of  the  elevations,  fissures, 
fioltSy  veins,  and  other  phenomena  which  would  result  from  an  elevft- 
loiy  force,  acting  simultaneously  at  every  point  beneath  extensive  por^ 
tions  of  the  crust  of  the  earth.  An  application  of  mathematical  rea- 
soning to  the  illustration  of  the  phenomena  of  veins  had  before  been 
made  in  Germany  by  Schmidt  and  Zimmerman."  The  oondnsion 
which  Mr.  Hopkins  has  obtained,  respecting  the  two  sets  of  fissures,  at 
ri^t  angles  to  each  other,  which  would  in  general  be  produced  by 
such  forces  as  he  supposes,  may  suggest  interesting  points  of  examina- 
tion  respecting  the  geological  phenomena  of  fissured  districts. 

[2nd  Ed.]  [The  theory  of  craters  of  elevation  probably  errs  rather 
by  making  the  elevation  of  a  point  into  a  particular  class  of  volcanic 
agency,  than  by  giving  volcanic  agency  too  great  a  power  of  elevation. 

A  mature  consideration  of  the  subject  will  make  us  hesitate  to 
ascribe  much  value  to  the  labors  of  those  writers  who  have  applied 
mathematical  reasoning  to  geological  questions.  Such  reasoning,  when 
it  is  carried  to  the  extent  which  requires  symbolical  processes,  has 
always  been,  I  conceive,  a  source,  not  of  knowledge,  but  of  error,  and 
confusion ;  for  in  such  applications  the  real  questions  are  slurred  over 
in  the  hypothetical  assumptions  of  the  mathematician,  while  the  calcu- 
lation misleads  its  followers  by  a  fiedse  aspect  of  demonstration.  All 
symbolical  reasonings  concerning  the  fissures  of  a  semi-rigid  mass  pro- 
duced by  elevatory  or  other  forces,  appear  to  me  to  have  turned  out 
valueless.  At  the  same  time  it  cannot  be  too  strongly  borne  in  mind, 
that  mathematical  and  mechanical  habits  of  thought  are  requisite  to 
all  clear  thinking  on  such  subjects.] 

Other  forces,  still  more  secure  in  their  nature  and  laws,  have  played 
a  very  important  part  in  the  formation  of  the  earth's  crust  I  speak 
of  the  forces  by  which  the  crystalline,  slaty,  and  jointed  structure  of 


*  Trant,  Comb.  PhiL  See.  voL  vi  1886.        ^  FhiL  Mag,  July,  1886^  p  2. 
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mineral  masses  has  been  produced.  These  forces  are  probably  identi- 
cal, on  the  one  hand,  with  the  cohesire  forces  from  which  rocks  derive 
their  solidity  and  their  physical  properties;  while,  on  the  other  hand, 
they  are  closely  connected  with  the  forces  of  chemical  attraction.  No 
attempts,  of  any  lucid  and  hopeful  kind,  have  yet  been  made  to  bring 
sach  forces  under  definite  mechanical  conceptions :  and  perhaps  mine- 
ralogy, to  which  science,  as  the  point  of  junction  of  chemistry  and 
crystallogn^hy,  such  attempts  would  belong,  is  hardly  yet  ripe  for  sadi 
speculations.  But  when  we  look  at  the  universal  prevalence  of  crystal- 
line forms  and  cleavages,  at  the  extent  of  the  phenomena  of  sbitjr 
cleavage,  and  at  the  segregation  of  special  minerals  into  veins  and 
nodules,  which  has  taken  place  in  some  unknown  manner,  we  cannot 
doubt  that  the  forces  of  which  we  now  speak  have  acted  very  widely 
and  energetically.  Any  elucidation  of  their  nature  would  be  an  im- 
portant step  in  Geological  Djrnamics. 

[2nd  Ed.]  [A  point  of  Geological  Dynamics  of  great  importance 
is,  the  chuige  which  rocks  undergo  in  structure  after  they  are 
deposited,  either  by  the  action  of  subterraneous  heat,  or  by  the  influ- 
ence of  crystalline  or  other  corpuscular  forces.  By  such  agencies, 
sedimentary  rocks  may  be  converted  into  crystalline,  the  traces  of 
organic  fossils  may  be  obliterated,  a  slaty  cleavage  may  be  produced, 
and  other  like  effects.  The  possibility  of  such  changes  was  urged  by 
Dr.  Hutton  in  his  Theory ;  and  Sir  James  HalFs  very  instructive  and 
striking  experiments  were  made  for  the  purpose  of  illustrating  this 
theory.  In  these  experiments,  powdered  chalk  was,  by  the  application 
of  heat  under  pressure,  converted  into  crystalline  calcspar.  Afterwards 
Dr.  McCulloch's  labors  had  an  important  influence  in  satisfying 
geologists  of  the  reality  of  corresponding  changes  in  nature.  Dr. 
McCulloch,  by  his  very  lively  and  copious  descriptions  of  volcanic 
regions,  by  his  representations  of  them,  by  his  classification  of  igneous 
rocks,  and  his  comprehensive  views  of  the  phenomena  which  they 
exhibit,  probably  was  the  means  of  converting  many  geologists  from 
the  Wemerian  opinions. 

Rocks  which  have  undergone  changes  since  they  were  deposited  are 
termed  by  lilr.  Lyell  metamorphic.  The  great  extent  of  metamorphic 
rock  changed  by  heat  is  now  uncontested.  The  internal  changes  which 
are  produced  by  the  crystalline  forces  of  mountain  masses  have  been 
the  subjects  of  important  and  comprehensive  speculationfi  by  Professor 
Sedgwick.] 
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Sect.  ^^—Thwries  of  Changes  of  Climate. 

Afl  we  have  already  stated,  Geology  ofifers  to  us  strong  evidence  that 
Ae  dimate  of  the  ancient  periods  of  the  earth's  history  was  hotter  than 
diat  which  now  exists  in  the  same  countries.  This,  and  other  circom- 
ftancesi  have  led  geologists  to  the  investigation  of  the  efifects  of  any 
hypothetical  causes  of  such  changes  of  condition  in  respect  of  heat 

Hie  love  of  the  contemplation  of  geometrical  synmietry,  as  well  as 
other  reasons,  suggested  the  hypothesis  that  the  earth's  axis  had  ori- 
ginally no  obliquity,  but  was  perpendicular  to  the  equator.  Such  a 
coDstniction  of  the  world  had  been  thought  of  before  the  time  of  Mil- 
ton," as  what  might  be  supposed  to  have  existed  when  man  was  ex- 
pdled  from  Paradise ;  and  Burnet,  in  his  Sajcred  Theory  of  the  Earth 
(1690),  adopted  this  notion  of  the  paradisiacal  condition  of  the  globe : 

The  spring 
Perpetual  smiled  on  earth  witii  verdant  flowers^ 
Equal  in  days  and  nighta. 

In  modem  times,  too,  some  persons  have  been  disposed  to  adopt 
this  hypothesis,  because  they  have  conceived  that  the  present  polar 
distribution  of  light  is  inconsistent  with  the  production  of  the  fossil 
plants  which  are  found  in  those  regions,"  even  if  we  could,  in  some 
other  way,  account  for  the  change  of  temperature.  But  this  alteration 
in  the  axes  of  a  revolution  could  not  take  place  without  a  subversion  of 
the  equilibrium  of  the  surface,  such  as  does  not  appear  to  have  occurred; 
and  the  change  has  of  late  been  generally  declared  impossible  by  phy- 
acal  astronomers. 

The  effects  of  other  astronomical  changes  have  been  calculated  by 
Sir  John  Herschel.  He  has  examined,  for  instance,  the  thermotical 
consequences  of  the  diminution  of  the  eccentricity  of  the  earth's  orbit, 
wlucb  has  been  going  on  for  ages  beyond  the  records  of  history.  He 
finds^'  that,  on  this  account,  the  annual  effect  of  solar  radiation  would 
increase  as  we  go  back  to  remoter  periods  of  the  past ;  but  (probably 
at  least)  not  in  a  degree  sufficient  to  account  for  the  apparent  past 


"  Some  said  he  bade  his  angels  torn  askance 
The  poles  of  earth  twice  ten  degrees  and  more 
From  the  sun's  axle,  dec. — Faradiee  Lo9tf  x  214. 
"  Lyell,  I  166.    liodley,  FouU  Flora,         >»  ChoL  Tram,  voL  iil  p^  295. 
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changes  of  climate.     He  finds,  however,  that  though  the  effect  id 
this  change  on  the  mean  temperatnie  of  the  year  may  be  small,  thai 
effect  on  the  extreme  temperature  of  the  seasons  will  be  much  more  j 
considerable ;  ^  so  as  to  produce  alternately,  in  the  same  latitade  of 
either  hemisphere,  a  perpetual  spring,  or  the  extreme  vicissitades  of  a 
burning  summer  and  a  rigorous  winter.**" 

Mr.  Lyell  has  traced  the  consequences  of  another  hypothesis  on  this 
subject,  which  appears  at  first  sight  to  promise  no  very  striking  resohs, 
but  which  yet  is  found,  upon  examination,  to  involve  adequate  canaea  of 
veiy  great  changes  :  I  refer  to  the  supposed  various  distribution  of 
land  and  water  at  different  periods  of  the  earth's  history.  If  the  land 
were  all  gathered  into  the  neighborhood  of  the  poles,  it  would  become 
the  seat  of  constant  ice  and  snow,  and  would  thus  very  greatly  reduce 
the  temperature  of  the  whole  surface  of  the  globe.  If^  on  the  other 
hand,  the  polar  regions  were  principally  water,  while  the  tropica  wen 
occupied  with  a  belt  of  land,  there  would  be  no  part  of  the  earth's  ma- 
face  on  which  the  frost  could  fasten  a  firm  hold,  while  the  tOTrid  torn 
would  act  like  a  furnace  to  heat  the  whole.  And,  supposing  a  cyck 
of  terrestrial  changes  in  which  these  conditions  should  succeed  each 
other,  the  winter  and  smnmer  of  this  ^^ great  year"  might  differ 
much  more  than  the  elevated  temperature  which  we  are  led  to  ascribe 
to  former  periods  of  the  globe,  can  be  judged  to  have  differed  from  the 
present  state  of  things. 

Tlie  ingenuity  and  plausibility  of  this  theory  cannot  be  doubted:  and 
perhaps  its  results  may  hereafter  be  found  not  quite  out  of  the  reach 
of  calculation.  Some  progress  has  already  been  made  in  calculating 
the  movement  of  heat  into,  through,  and  out  of  the  earth ;  but  when 
wo  add  to  this  the  effects  of  the  currents  of  the  ocean  and  the  atmo- 
sphere, the  problem,  thus  involving  so  many  thermotical  and  atmologi- 
cal  laws,  operating  under  complex  conditions,  is  undoubtedly  one  of 
extreme  difficulty.  Still,  it  is  something,  in  this  as  in  all  cases,  to 
have  the  problem  even  stated ;  and  none  of  the  elements  of  the  solu- 
tion appears  to  be  of  such  a  nature  that  we  need  allow  ourselvee  to 
yield  to  despair,  respecting  the  possibility  of  dealing  with  it  in  a  use- 
ful manner,  as  our  knowledge  becomes  more  complete  and  definite* 


^  ChoL  Trani.  vol  ill  p.  89a 
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CHAPTER  VI. 

PsoaBUS  or  thi  Gxolooioal  Dtnamios  of  OBOAmziD 
Beikgb. 


Sect.  1. — Obfeets  of  this  Science. 

nBBHAPS  in  extending  the  term  Qeologuxd  Dynamics  Uy  the  causes 
•[  of  changes  in  organized  beings,  I  shall  be  thought  to  be  employing 
a  ferced  and  inconvenient  phraseology.  Bat  it  will  be  found  that,  in 
oidflr  to  treat  geology  in  a  lanly  scientific  manner,  we  most  bring  toge- 
tlier  all  tiie  classes  of  speculations  concerning  known  causes  of  change; 
aad  the  Organic  Dynamics  of  Geology,  or  of  Geography,  if  the  reader 
prefers  the  word,  appears  not  an  inappropriate  phrase  for  one  part  of 
tUi  body  of  researches. 

Afl  iiM  akeady  been  said^  the  species  of  plants  and  animals  which 
are  fomd  embedded  in  the  strata  of  the  earth,  are  not  only  different 
ftcm.  those  which  now  live  in  the  same  regions,  but,  for  the  most  parti 
<tffl5Bfl^nt  from  any  now  existing  on  the  face  of  the  earth.  The  remains 
whidi  we  discover  imply  a  past  state  of  things  different  from  that 
which  now  prevails;  they  imply  also  that  the  whole  organic  creation 
haa  beoi  renewed,  and  that  this  renewal  has  taken  place  several  times. 
Siidi  extra(Mrdinary  general  facts  have  naturally  put  in  activity  very 
hcMi  ^peculations. 

But  it  has  already  been  said,  we  cannot  speculate  upon  such  frets  in 
the  paat  history  of  the  globe,  without  taking  a  lai^e  survey  of  its  pre- 
sent condition.  Does  the  present  animal  and  vegetable  population 
differ  from  the  past,  in  the  same  way  in  which  the  products  of  one 
region  of  the  existing  earth  differ  from  those  of  another  ?  Can  the 
creaticA  and  diffusion  of  the  fossil  species  be  explained  in  the  same 
manner  as  the  creation  and  diffusion  of  the  creatures  among  which  we 
live?  And  these  questions  lead  us  onwards  another  step,  to  ask, — 
What  are  the  laws  by  which  the  plants  and  animals  of  different  parts 
of  the  earth  differ  ?  What  was  the  manner  in  which  they  were  origi- 
nally diffused  f — Thus  we  have  to  include,  as  portions  of  our  sabject. 
Vol.  U— se. 
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the  Qiography  of  Plants,  and  of  Animals^  and  the  HUiory  of  tktk 
change  and  diffusion ;  intending  by  the  latter  sabject,  of  oomM, 
palastiological  History, — ^the  examination  of  the  canses  of  what  hat 
occQired,  and  the  inference  of  past  events,  from  what  we  know  of 
causes. 

It  is  unnecessary  for  me  to  give  at  any  length  a  statement  of  the 
problems  which  are  included  in  these  branches  of  science^  or  of  the 
progress  which  has  been  made  in  them ;  since  Mr.  Lyell,  in  his  Prit^ 
dpUs  of  Geology,  has  treated  these  subjects  in  a  very  able  manner, 
and  in  the  same  point  of  view  in  which  I  am  thus  led  to  consider 
them.  I  will  only  briefly  refer  to  some  points,  availing  myself  of  his 
labors  and  his  ideas. 

Sect  2. — Geography  of  Plants  and  Animals, 

With  r^ard  both  to  plants  and  animals,  it  appears^^  that  besides  such 
differences  in  the  products  of  different  regions  as  we  may  naturally 
suppose  to  be  occasioned  by  climate  and  other  external  causes;  an 
examination  of  the  whole  organic  population  of  the  globe  leads  us  to 
consider  the  earth  as  divided  into  provinces,  each  province  being  occu- 
pied by  its  own  group  of  species,  and  these  groups  not  being  mixed  or 
interfused  among  each  other  to  any  great  extent.  And  thus,  as  the 
earth  is  occupied  by  various  nations  of  men,  each  appearing  at  first 
sight  to  be  of  a  different  stock,  so  each  other  tribe  of  living  things  is 
scattered  over  the  ground  in  a  similar  manner,  and  distributed  into  its 
separate  nations  in  distant  countries.  The  places  where  species  are 
thus  peculiarly  found,  are,  in  the  case  of  plants,  called  their  stolons. 
Yet  each  species  in  its  own  region  loves  and  selects  some  peculiar  con- 
ditions of  shade  or  exposure,  soil  or  moisture :  its  place,  d^ned  by  the 
general  description  of  such  conditions,  is  called  its  habitation. 

Not  only  each  species  thus  placed  in  its  own  province,  has  its  posi- 
tion frirther  fixed  by  its  own  habits,  but  more  general  groups  and  assem- 
'  blages  are  found  to  be  determined  in  their  situation  by  more  general 
conditions.  Thus  it  is  the  character  of  the  flora  of  a  collection  of  islands, 
scattered  through  a  wide  ocean  in  a  tropical  and  humid  climate,  to 
contain  an  immense  preponderance  of  tree-ferns.  In  the  same  way, 
the  situation  and  depth  at  which  certain  genera  of  shells  are  found 
have  been  tabulated'  by  Mr.  Broderip.    Such  general  inferences,  if 


^  I^ell,  PrineijpUs,  B.  iii.  e.  t.  *  Oreenougli,  Aid.  1835,  p.  20 
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tiiey  can  be  aecnrely  made,  are  of  extreme  interest  in  their  bearing  on 
geolc^cal  specnlations. 

The  means  by  which  plants  and  animals  are  now  diffused  from  one 
pboe  to  another,  have  been  well  described  by  Mr.  Lyell.'  And  he  has 
eonndered  also,  with  dae  attention,  the  manner  in  which  they  become 
imbedded  in  mineral  deposits  of  various  kinds.*  He  has  thus  followed 
tte  history  of  organized  bodies,  from  the  germ  to  the  tomb,  and  thence 
to  the  cabinet  of  the  geologist 

But,  besides  the  fortunes  of  individual  plants  and  animals,  there  is 
mc/ther  class  of  questions,  of  great  interest,  but  of  great  difficulty ; — 
tibe  fortunes  of  each  species.  In  what  manner  do  species  which  were 
net,  begin  to  be  ?  as  geology  teaches  us  that  they  many  times  have 
done ;  and,  as  even  our  own  reasonings  convince  us  they  must  have 
done,  at  least  in  the  case  of  the  species  amoug  which  we  live. 

We  here  obviously  place  before  us,  as  a  subject  of  research,  the 
Creation  of  Living  Things ; — a  subject  shrouded  in  mystery,  and  not 
to  be  approached  without  reverence.  But  though  we  may  conceive, 
thal^  on  this  subject,  we  are  not  to  seek  our  belief  from  science  alone, 
we  ahaU  find,  it  is  asserted,  within  the  limits  of  allowable  and  unavoid- 
able qpecuktion,  many  curious  and  important  problems  which  may 
well  emphj  our  physiological  skill  For  example,  we  may  ask : — ^how 
we  are  to  recognize  the  species  which  were  originally  created  distinct! 
— whether  the  population  of  the  earth  at  one  geological  epoch  could 
pass  to  the  form  which  it  has  at  a  succeeding  period,  by  the  agency  of 
Daftoral  causes  alone  ? — and  if  not,  what  other  account  we  can  give  of 
the  sQCcession  which  we  find  to  have  taken  place  ? 

The  most  remarkable  point  in  the  attempts  to  answer  these  and 
the  like  questions,  is  the  controversy  between  the  advocates  and  the 
opponents  of  the  doctrine  of  the  transmutation  of  species.  This  ques- 
tion is,  even  from  its  mere  physiological  import,  one  of  great  interest; 
and  the  interest  is  much  enhanced  by  our  geological  researches, 
which  again  bring  the  question  before  us  in  a  striking  form,  and  on  a 
gigantic  scale.    We  shall,  therefore,  briefly  state  the  point  at  issue. 

Sect,  3. — Question  of  the  Transmutation  of  Species, 

Ws  see  that  animals  and  plants  may,  by  the  influence  of  breeding, 
and  ci  external  agents  operating  upon  their  constitution,  be  greatly 


'Lyell,  R  iii  c  V.  vi  vil  «B.  iii  e.  xak  xiv.  xv.  xvl 
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modified,  so  aa  to  give  rise  to  vanetieB  and  racaa  different  from  wbal 
before  existed.  How  different,  for  instance,  is  one  kind  and  breed  ol 
dog  from  another !  The  qaeation,  then,  ia,  whether  oiganised  hmg/i 
can,  by  the  mere  working  of  natural  caaaes,  paaa  from  the  type  of  one 
qpeciea  to  that  of  another?  whether  the  wolf  may,  by  domeaticalm, 
become  the  dog  f  whether  the  ourang-ootang  may,  by  the  power  of  m- 
temal  circomatances,  be  brought  within  the  circle  of  the  hmnan  qieciesf 
And  the  dilemma  in  which  we  are  placed  is  this; — ^ihat  if  qiedea  are 
not  thus  interchangeable,  we  must  snppoee  the  Auctaationa  of  wbxk 
each  qpecies  is  capable,  and  which  are  ai^>arently  indefinite^  to  be 
bounded  by  rigorous  limits;  whereas,  if  we  allow  such  a 
turn  of  species^  we  abandon  that  belief  in  the  adaptation  of  the  i 
tore  of  every  creature  to  its  destined  mode  of  being,  which  not  oolj 
most  persons  would  give  up  with  repugnance,  but  which,  aa  we  have 
seen,  has  constantly  and  irresistibly  impressed  itself  on  the  minds  of 
the  best  naturalists,  as  the  true  view  of  the  order  of  the  workL 

But  the  study  of  Geology  opens  to  us  the  spectacle  of  many  groups 
of  species  which  have,  in  the  course  of  the  earth's  history,  aoooeeded 
each  other  at  vast  intervals  of  time;  one  set  of  aninuds  and  plants 
diBq)pearing,  as  it  would  seem,  from  the  &ce  of  our  planet,  and  othen, 
which  did  not  before  exist,  becoming  the  only  occupants  of  the  globe. 
And  the  dilemma  then  presents  itself  to  us  anew : — either  we  must 
accept  the  doctrine  of  the  transmutation  of  species,  and  must  suppose 
that  the  organized  species  of  one  geological  epoch  were  transmuted 
into  those  of  another  by  some  long-continued  agency  of  natural  causes; 
or  else,  wo  must  believe  in  many  successive  acts  of  creation  and  extinc- 
tion of  species,  out  of  the  common  course  of  nature ;  acts  which,  there- 
fore, we  may  properly  call  miraculous. 

This  latter  dilemma,  however,  is  a  question  concerning  the  &ct8 
which  have  happened  in  the  history  of  the  world ;  the  deliberation 
respecting  it  belongs  to  physical  geology  itself  and  not  to  that  subsi* 
diary  science  which  we  are  now  describing,  and  which  is  concerned 
only  vrith  such  causes  as  we  know  to  be  in  constant  and  oideriy 
action. 

The  former  question,  of  the  limited  or  unlimited  extent  of  the 
modifications  of  animals  and  plants,  has  received  full  and  careful  consi- 
deration from  eminent  physiologists ;  and  in  their  opinions  we  find,  I 
think,  an  indisputable  preponderance  to  that  decision  which  rejects 
the  transmutation  of  species,  and  which  accepts  the  former  side  of 
the  dilemma ;  namely,  that  the  changes  of  which  each  speciea  is  suscep- 
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tiiUe,  though  difficnh  to  define  in  words,  are  limited  in  faet  It  is 
•ztrandj  intereBting  and  Batisfactory  thus  to  receiye  an  answer  in 
vhkh  we  can  confide,  to  inquiries  seemingly  so  wide  and  bold  as  those 
whkk  this  subject  involves.  I  refer  to  Mr.  Lyell,  Dr.  Priebard,  Mr. 
Lnrrenoe,  and  others,  for  the  history  of  the  discnssion,  and  for  the 
giOQDdi  dT  the  dedsion;  and  I  shall  qnote  very  briefly  the  main  points 
and  eondnaions  to  which  the  inquiry  has  led.* 

It  may  be  considered,  then,  as  determined  by  the  overbalance  of 
phynological  authority,  that  there  is  a  capacity  in  all  species  to  accom- 
modate themselves,  to  a  certain  extent,  to  a  change  of  external  circum- 
i;  this  extent  varying  greatly  according  to  the  species.  There 
'  thus  arise  changes  of  appearance  or  structure,  and  some  of  these 
I  are  transmissible  to  the  offspring :  but  the  mutations  thus  super- 
iDdoced  are  governed  by  constant  laws,  and  confined  within  certain 
Kmite.  Indefinite  divergence  from  the  original  type  is  not  possible; 
and  tlie  extreme  Ihnit  of  possible  variation  may  usually  be  reached  in  a 
brief  period  of  time :  in  short,  species  have  a  real  existence  in  nature^ 
and  a  transmutation  from  one  to  another  does  not  exist 

Thus,  for  example,  Cuvier  remarks,  that  notwithstanding  all  the 
diflEsrenees  of  size,  appearance,  and  habits,  which  we  find  in  the  dogs 
of  various  races  and  countries,  and  though  we  have  (in  the  Egyptian 
mommies)  skeletons  of  this  animal  as  it  existed  three  thousand  years 
ago^  the  relation  of  the  bones  to  each  other  remains  essentially  the 
lame ;  and,  with  all  the  varieties  of  their  shape*  and  size,  there  are 
chanct^ns  which  resist  all  the  influences  both  of  external  nature, 
of  hnmian  intercourse,  and  of  time. 

Sect.  4. — Hypothesis  of  Progressive  Tendencies. 

Wrbiv  certain  limits,  however,  as  we  have  said,  external  circumstaneea 
produce  changes  in  the  forms  of  organised  beings.  The  causes  of 
ehange,  and  the  laws  and  limits  of  their  effects,  as  they  obtain  in  the 
existing  state  of  the  organic  creation,  are  in  the  highest  degree  interest 
ing.  And,  as  has  been  already  intimated,  the  knowledge  thus  obtain- 
ed, has  been  applied  with  a  view  to  explain  the  origin  of  the  existing 
population  of  the  world,  and  the  succession  of  its  past  conditions.  But 
those  who  have  attempted  such  an  explanation,  have  found  it  necessary 
to  assume  certain  additional  laws,  in  order  to  enable  themselves  to  de* 
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dace,  from  the  tenet  of  the  traDsmatability  of  the  species  of  oigvoiied 
beings,  such  a  state  of  things  as  we  seeaboat  ns^and  soch  a  saccession  ni 
states  as  is  evidenced  by  geological  researches.  And  here,  again,  we  are 
brought  to  questions  of  which  we  most  seek  the  answers  from  the  moii 
profound  physiologists.  Now  referring,  as  b^ore,  to  those  which 
appear  to  be  the  best  authorities,  it  is  found  that  these  additional  posh 
tive  laws  are  still  more  inadmissible  than  the  primary  asBumption  of 
indefinite  capacity  of  change.  For  example,  in  order  to  aceoonti  on 
this  hypothesis,  for  the  seeming  adi^tation  ci  the  endowments  of 
animals  to  their  wants,  it  is  held  that  the  endowments  are  the  resohof 
the  wants ;  that  the  swiftness  of  the  antelope,  the  claws  and  teeth  of 
the  lion,  the  trunk  of  the  elephant,  the  long  neck  of  the  giraffe  have 
been  produced  by  a  certain  plastic  character  in  the  constitution  of  ani- 
mals, operated  upon,  for  a  long  course  of  ages,  by  the  attempts  which 
these  animals  made  to  attain  objects  which  their  previous  organizatkm 
did  not  place  within  their  reach.  In  this  way,  it  is  maintained  that  the 
most  striking  attributes  of  animals,  those  which  apparently  imply  mo£t 
clearly  the  providing  skill  of  their  Creator,  have  been  brought  forth  by 
the  long-repeated  efforts  of  the  creatures  to  attain  the  object  of  their 
desire ;  thus  animals  with  the  highest  endowments  have  be^n  gradually 
developed  from  ancestral  forms  of  the  most  limited  organization :  thus 
fish,  burd,  and  beast,  have  grown  from  small  gelatinous  bodies^  ^petits 
corps  gelatineux,"  possessing  some  obscure  principle  of  life,  and  the  ca- 
pacity of  development;  and  thus  man  himself  with  all  his  intellectual 
and  moral,  as  well  as  physical  privileges,  has  been  derived  from  some 
creature  of  the  ape  or  baboon  tribe,  urged  by  a  constant  tendency  to 
improve,  or  at  least  to  alter  his  condition. 

As  we  have  said,  in  order  to  arrive  even  hypothetically  at  this  result, 
it  is  necessary  to  assume  besides  a  mere  capacity  for  change,  other 
positive  and  active  principles,  some  of  which  we  may  notice.  Thus, 
we  must  have  as  the  direct  productions  of  nature  on  this  hypothesis, 
certain  monads  or  rough  draughts,  the  primary  rudiments  of  plants 
and  animals.  We  must  have,  in  these,  a  constant  tendency  to  progres- 
sive improvement,  to  the  attainment  of  higher  powers  and  fitculties 
than  they  possess ;  which  tendency  is  again  perpetually  modified  and 
controlled  by  the  force  of  external  circumstances.  And  in  order  to 
account  for  the  simultaneous  existence  of  animals  in  every  stage  of 
this  imaginary  progress,  we  must  suppose  that  nature  is  compelled  to 
be  constantly  producing  those  elementary  beings,  firom  which  all 
animals  are  sucoeflsively  developed. 
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I  need  not  sUj  to  point  out  how  extremely  arbitrary  every  part  dT 
thii  ieheme  is ;  and  how  complex  its  machinery  would  be,  even  if  it 
<&d  accomit  for  the  fiicte.  It  may  be  sufficient  to  obsenre»  as  others 
hafo  done»^  that  the  capacity  of  change,  and  of  being  influenced  by 
external  circumstances,  such  as  we  really  find  it  in  nature,  and  there- 
Ixe  soch  as  in  science  we  must  represent  it,  is  a  tendency,  not  to 
improre,  but  to  deteriorate.  When  species  are  modified  by  external 
,  they  usually  degenerate,  and  do  not  advance*  And  there  is  no 
I  of  a  species  acquiring  an  entirely  new  sense,  faculty,  or  organ, 
in  addition  to,  or  in  the  place  o^  what  it  had  before. 

Not  <Mi]y,  then,  is  the  doctrine  of  the  transmutation  of  species  in 
itNlf  diqitOTed  by  the  best  physiological  reasonings,  but  the  additional 
■Mnmptiona  which  are  requisite,  to  enable  its  advocates  to  apply  it  to 
Ae  ex|Janation  of  the  geological  and  other  phenomena  of  the  earth, 
are  altogether  gratuitous  and  fimtastical. 

Such  is  the  judgment  to  which  we  are  led  by  the  examination  of  the 
discussions  which  have  taken  place  on  this  sulject  Tet  in  certain 
speculations,  occasioned  by  the  discovery  of  the  Sivaiherium,  a  new 
fbasil  animal  from  the  Sub-Himalaya  mountains  of  India,  M.  Geoffiroy 
Saint-Hilaire  speaks  of  the  belief  in  the  immutability  of  species  as  a 
conviction  which  is  fading  away  from  men's  minds.  He  speaks  too 
of  the  termination  of  the  age  of  Ouvier,  ^  la  cldture  du  si^cle  de 
Guvier,"  and  of  the  commencement  of  a  better  zoological  philosophy.' 
But  though  he  expresses  himself  with  great  animation,  I  do  not  per- 
ceive that  he  adduces,  in  support  of  his  peculiar  opinions,  any  argu- 
ments in  addition  to  those  which  he  urged  during  the  lifetime  of 
Ouvier.  And  the  reader*  may  recollect  that  the  consideration  of  that 
controversy  led  us  to  very  different  anticipations  firom  his,  respecting 
the  probable  future  progress  of  physiology.  The  discovery  of  the 
SinKtherium  supplies  no  particle  of  proof  to  the  hypothesis,  that  the 
existing  species  of  animals  are  descended  from  extinct  creatures  which 
are  specifically  distinct :  and  we  cannot  act  more  wisely  than  in  listen- 
ing to  the  advice  of  that  eminent  naturalist,  M.  de  Blainville.^* 
^Against  this  hypothesis,  which,  up  to  the  present  time,  I  regard  as 
purely  gratuitous,  and  likely  to  turn  geologists  out  of  the  sound  and 
excelient  road  in  which  they  now  are,  I  willingly  raise  my  voice,  with 
the  most  absolute  conviction  of  being  in  the  right" 


^  Lyell,  B.  m.  o.  iv.        "  Ckmpie  Rendu  de  FAead,  du  So.  1887,  Na  8,  p.  8L 
*  See  B.  xvn.  a  vii       **  C<mpU  Bendu,  1887,  Ka  6,  p.  168. 
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[2Dd  EcL]  [The  hjpoUieMB  of  ibe  piogiMiiv«  dftTekqpeneBi  of 
^>ecie8  has  been  uiged  lecently,  in  oonnenon  witk  the  phynokgieal 
tenet  of  Tiedemann  and  De  Serresi  notieed  in  R  ZYiLcm  aeot  3;— 
namely,  that  the  embryo  of  the  hig^r  forma  of  animala  .peawi  by 
gradations  through  those  forms  which  are  pezmaoent  in  jnfarioe  ani- 
mals. Awwiming  this  tenet  as  exacts  it  haa  been  maintained  tkat  the 
higher  animals  which  are  foond  in  the  more  recent  strata  may  have 
been  produced  by  an  ulterior  development  of  the  iower  fonoa  in  the 
embryo  state ;  the  circomstancea  beii^  such  as  to  £Mror  nch  a  deve- 
lopement  But  all  the  best  physiologiflts  agree  in  dedaring  that  sadi 
an  extraordinary  developement  of  the  embryo  is  inconsistent  viih  phy- 
siological possibility.  Even  if  the  pn^pression  of  the  embryo  in  time 
have  a  general  correspondence  with  the  order  of  animal  forms  as  more 
or  less  perfectly  organized  (which  is  true  in  an  extremely  incomplete 
and  inexact  degree),  this  correspondence  must  be  considered,  not  as 
any  indication  of  causality,  but  as  one  of  those  marks  of  universal  ana- 
logy and  s^-mmetry  which  are  stamped  upon  every  part  of  the  creation. 

Mr.  Lyell"  notices  this  doctrine  of  Tiedemann  and  De  Series ;  and 
observes,  that  though  nature  presents  us  with  cases  of  animal  fonus 
degraded  by  incomplete  developement,  she  offers  none  oi  forms  exalted 
by  extraordinary  developement.  Mr.  Lyell's  own  hypothesia  of  the  in- 
troduction of  new  species  upon  the  earth,  not  having  any  physiological 
basis,  hardly  belongs  to  this  chapter.] 

Sect,  5. — Question  of  Creation  as  related  to  Science. 

But  since  we  reject  the  production  of  new  ^>ecie8  by  means  of  external 
influence,  do  wo  then,  it  may  be  asked,  accept  the  other  side  of  the 
dilemma  which  we  have  stated  ;  and  admit  a  scries  of  creations  <tf 
species,  by  some  power  beyond  that  which  we  trace  in  the  ordinary 
course  of  nature  ? 

To  this  question,  the  history  and  analogy  of  science,  I  conceive^ 
teach  us  to  reply  as  follows : — All  palsetiological  sciences,  all  specula- 
tions which  attempt  to  ascend  from  the  present  to  the  remote  past^  by 
the  chain  of  causation,  do  also,  by  an  inevitable  consequence,  urge  us 
to  look  for  the  beginning  of  the  state  of  things  which  we  thus  con- 
template ;  but  in  none  of  these  cases  have  men  been  able,  by  the  aid 
of  science,  to  arrive  at  a  beginning  which  is  homogeneous  with  the 


"  Principle*,  B.  m.  a  iv. 
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known  ooane  of  events.  The  first  origin  of  language,  of  civiliration, 
of  law  and  govenimenti  cannot  be  clearly  made  ont  by  reasoning  and 
research ;  jnst  as  litUe,  we  may  expect,  will  a  knowledge  of  the  origin 
of  theeoDsting  and  extinct  species  of  plants  and  animals,  be  the  resoH 
of  phyBiolc^<»l  and  geological  investigation. 

Bst^  ihongh  philosophers  have  never  yet  demonstrated,  and  perhaps 
never  will  be  able  to  demonstrate,  what  was  that  primitive  state  of 
things  in  the  social  and  material  worids,  from  which  the  progressive 
itate  took  its  first  departnre ;  they  can  still,  in  all  the  lines  of  research 
to  which  we  have  referred,  go  very  fiur  back ;— determine  many  of 
the  remote  circnmstances  of  the  past  sequence  of  events ; — ascend  to 
a  point  which,  from  onr  position  at  least,  seems  to  be  near  the  origin ; 
— and  exclude  many  suppositions  respecting  the  origin  itself.  Whether, 
by  the  light  of  reason  alone,  men  will  ever  be  able  to  do  more  than 
this,  it  is  difficult  to  say.  It  is,  I  think,  no  irrational  opinion,  even  on 
grounds  of  philosophical  analogy  alone,  that  in  all  those  sciences 
which  look  back  and  seek  a  beginning  of  things,  we  may  be  unable 
to  arrive  at  a  consistent  and  definite  belief  without  having  recourse  to 
other  grounds  of  truth,  as  well  as  to  historical  research  and  scientific 
reasoning.  When  our  thoughts  would  apprehend  steadily  the  crea- 
tion of  things,  we  find  that  we  are  obliged  to  summon  up  other  ideas 
than  those  which  regulate  the  pursuit  of  scientific  truths ; — to  call  in 
other  powers  than  those  to  which  we  refer  natural  events :  it  cannot, 
then,  be  considered  as  very  surprizing,  i^  in  this  part  of  our  inquiry, 
we  are  compelled  to  look  for  other  than  the  ordinary  evidence  of 
science. 

Geology,  forming  one  of  the  palsetiological  class  of  sciences,  which 
tiace  back  the  history  of  the  earth  and  its  inhabitants  on  philosophical 
grounds,  is  thus  associated  with  a  number  of  other  kinds  of  research, 
iHuch  are  concerned  about  language,  law,  art,  and  consequently  about 
the  internal  fiusulties  of  man,  his  thoughts,  his  social  habits,  his  con- 
ception of  right,  his  love  of  beauty.  Geology  being  thus  brought  into 
the  atmosphere  of  moral  and  mental  speculations,  it  may  be  expected 
that  her  investigations  of  the  probable  past  will  share  an  infiuence 
common  to  them ;  and  that  she  will  not  be  allowed  to  point  to  an 
origin  of  her  own,  a  merely  physical  beginning  of  things ;  but  that, 
as  she  approaches  towards  such  a  goal,  she  will  be  led  to  see  that  it  is 
the  origin  of  many  trains  of  events,  the  point  of  convergence  of  many 
lines.  It  may  be,  that  instead  of  being  allowed  to  travel  up  to  this 
focus  of  being,  we  are  only  able  to  estimate  its  place  and  nature,  and 
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to  fonn  of  it  such  a  judgment  as  this ; — ih$i  it  is  not  oiilj  the  aooiee 
of  mere  vegetable  and  animal  life,  bat  also  of  ntimial  and  social  lift^ 
language  and  arta,  law  and  order ;  in  shorty  of  all  the  progresiife 
tendencies  by  which  the  highest  principles  ci  the  inteUectoal  and 
moral  world  have  been  and  are  developed^  as  well  as  of  the  sneoea- 
sion  of  organic  fi>rmS|  which  we  find  scattered,  dead  or  livings  over  the 
earth. 

This  reflection  concerning  the  natural  scientifto  view  of  creatioiii  it 
will  be  observed,  has  not  been  sought  for,  from  a  wish  to  arrive  aisadi 
conclusions;  but  it  has  flowed  spontaneously  from  the  maimer  in 
which  we  have  had  to  introduce  geology  into  our  dasafication  of  the 
sciences ;  and  this  classification  was  framed  from  an  unbiaBsed  oosif 
deration  of  the  general  analogies  and  guiding  ideas  <^  the  varioiis 
portions  of  our  knowledge.  Such  remarks  as  we  have  made  may  on 
this  account  be  considered  more  worthy  of  attention. 

But  such  a  train  of  thought  must  be  pursued  with  caution.  Al- 
though it  may  not  be  possible  to  arrive  at  a  right  conviction  respect- 
ing the  origin  of  the  world,  without  having  recourse  to  other  than 
physical  considerations,  and  to  other  than  geological  evidence;  yet 
extraneous  considerations,  and  extraneous  evidence,  respecting  the 
nature  of  the  beginning  of  things,  must  never  be  allowed  to  infln^ioe 
our  physics  or  our  geology.  Our  geological  djmamics,  like  our  astro- 
nomical dynamics,  may  be  inadequate  to  carry  us  back  to  an  origin 
of  that  state  of  things,  of  which  it  explains  the  progress :  but  tiiis 
deficiency  must  be  supplied,  not  by  adding  supernatural  to  natural 
geological  dynamics,  but  by  accepting,  in  their  proper  place,  the  views 
supplied  by  a  portion  of  knowledge  of  a  different  character  and  order. 
If  we  include  in  our  Theology  the  speculations  to  which  we  have 
recourse  for  this  purpose,  we  must  exclude  from  them  our  Geology. 
The  two  sciences  may  conspire,  not  by  having  any  part  in  common ; 
but  because,  though  widely  diverse  in  their  lines,  both  point  to  a  mys- 
terious and  invisible  origin  of  the  world. 

All  that  which  claims  our  assent  on  those  higher  grounds  of  which 
theology  takes  cognizance,  must  claim  such  assent  as  is  consistent 
with  those  grounds ;  that  is,  it  must  require  belief  in  respect  of  all 
that  bears  upon  the  highest  relations  of  our  being,  those  on  which 
depend  our  duties  and  our  hopes.  Doctrines  of  this  kind  may  and 
must  be  conveyed  and  maintained,  by  means  of  information  concero- 
ing  the  past  history  of  man,  and  his  social  and  material,  as  well  as 
moral  and  spiritual  fortunes.    He  who  believes  that  a  Providence  has 
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ruled  the  affinn  ci  mankind^  will  also  believe  that  a  Providenoe  hat 
governed  the  material  worid.  Bat  any  language  in  which  the  nanatiTe 
of  thia  gOTemment  of  the  material  worid  can  be  conveyed,  rnnst  iiecet- 
ittily  be  very  imperfect  and  inappropriate ;  being  dpreesed  in  terms 
cf  those  ideas  wldch  have  been  selected  by  men,  in  order  to  describe 
^ipeazances  and  relations  of  created  things  as  they  affect  one  another. 
In  all  casesi  therefore,  where  we  have  to  attempt  to  interpret  such  a 
nanratiTe,  we  most  feel  that  we  are  extremely  liable  to  err ;  and  most 
of  ally  when  our  interpretation  refers  to  those  material  objects  and 
operations  which  are  most  foreign  to  the  main  purpose  of  a  history  of 
providence.  If  we  have  to  consider  a  conmiunication  containing  a 
view  of  such  a  government  of  the  world,  imparted  to  us,  as  we  may 
sqppoae,  in  order  to  point  out  the  right  direction  for  our  feelings  of 
trust,  and  reverence,  and  hope,  towards  the  Governor  of  the  world,  we 
may  expect  that  we  shall  be  in  no  danger  of  collecting  from  our 
authority  erroneous  notions  with  r^ard  to  the  power,  and  wisdom, 
and  goodness  of  His  government ;  or  with  respect  to  our  own  place, 
duties,  and  prospects,  and  the  history  of  our  race  so  &r  as  our  duties 
and  prospects  are  concerned.  But  that  we  shall  rightly  understand 
the  detail  of  all  events  in  the  history  of  man,  or  of  the  skies,  or  of 
the  earth,  which  are  narrated  for  the  purpose  of  thus  giving  a  right 
direction  to  our  minds,  is  by  no  means  equally  certain ;  and  I  do  not 
think  it  would  be  too  much  to  say,  that  an  immunity  from  perplexity 
and  error,  in  such  matters,  is,  on  general  grounds,  very  improbable. 
It  cannot  then  surprise  us  to  find,  that  parts  of  such  narrations  which 
seem  to  refer  to  occurrences  like  those  of  which  astronomers  and 
geologists  have  attempted  to  determine  the  laws,  have  given  rise  to 
many  interpretations,  all  inconsistent  with  one  another,  and  most  of 
them  at  variance  with  the  best  established  principles  of  astronomy  and 
geology. 

It  may  be  urged,  that  all  truths  must  be  consistent  with  all  other 
truths,  and  that  therefore  the  results  of  true  geology  or  astronomy  can- 
not be  irreconcileable  with  the  statements  of  true  theology.  And  this 
universal  consistency  of  truth  with  itself  must  be  assented  to ;  but  it 
by  no  means  follows  that  we  must  be  able  to  obtain  a  full  insight  into 
the  nature  and  manner  of  such  a  consistency.  Such  an  insight  would 
only  be  possible  if  we  could  obtain  a  clear  view  of  that  central  body  of 
truth,  the  source  of  the  principles  which  appear  in  the  separate  lines 
of  qpeculation.  To  expect  that  we  should  see  clearly  how  the  provi- 
dential government  of  the  world  is  consistent  with  the  unvarying  laws 
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its  nations  and  developementa  are  regulated,  is  to  expect 
aud  tharaughly  the  laws  of  motion,  of  do v elopement,  and 
'nee  ;  it  is  to  expect  that  we  may  ascend  from  geology  aud 
■  to  the  creative  and  legislative  centre,   from   which    pro- 
rth  and  Btars ;  and  then  descend  again  into  the  moral  and 
'orlJ,  becanse  its  source  and  centre  are  the  same  as  tlio»e  o^ 
ial  creation.     It  is  to  eay  that  reason,  whether  finite  or  infi- 
ll? con^Utent  with  itself;  and  that,  therefore,  the  finite  muat 
comprehend  the  infinite^  to  travel  from  any  one  province  of 

and  material  universe  to  any  other,  to  trace  their  bearings 
meet  their  tKiundariea, 

tlic  advantages  of  the  study  of  the  history  and  nature  of 
ivhich  we  are  now  engaged  is,  that  it  warns  u»  of  the  hope- 
^rcsumptuoufl  character  of  such  attempts  to  uDdcrstand  the 
jt  of  the  world  by  tLe  aid  of  science^  without  throwing  any 
ipon  the  reality  of  our  knowledge ; — that  while  it  shows  how 
-crtain  each  science  is,  bo  long  as  it  refers  its  own  facts  to  ito 
,  it  confines  each  science  within  its  own  limits,  andcondemnt 
y  and  hclples^s,  when  it  pronounces  upon  those  subjects  which 
eous  to  it-     The  error  of  persons  who  should  &eek  a  geologi- 

■ 
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▼srioQB  stages  of  its  progress^  as  geology  teaches  as.  That  they  were, 
like  our  own  animal  and  vegetable  contemponuries^  profoundly  adapted 
to  the  condition  in  which  they  were  placed,  we  have  ample  reason  to 
believe;  but  when  we  inquire  whence  they  came  into  this  our  world, 
geology  is  silent  The  mystery  of  creation  is  not  within  the  range  of 
her  Intimate  territory ;  nhe  says  nothing,  but  she  points  upwards. 

Sect.  6. — The  Hypothec  of  the  regular  Creation  and  Extinction  of 

Species, 

1.  Creation  of  Species^ — We  have  already  seen,  how  untenable,  as  a 
physiological  doctrine,  is  ihe  principle  of  the  transmutability  and  pro- 
gressive tendency  of  species ;  and  therefore,  when  we  come  to  apply  to 
theoretical  geology  the  principles  of  the  present  chapter,  this  portion 
<^  the  subject  will  easily  be  disposed  ot  I  hardly  know  whether  I 
can  state  that  there  is  any  other  principle  which  has  been  applied  to 
the  solution  of  the  geological  problem,  and  which,  therefore,  as  a  gene- 
ral truth,  ought  to  be  considered  here.  Mr.  Lyell,  indeed,  has  spoken^' 
of  an  hypothesis  that  *^  the  successive  creation  of  species  may  consti- 
tute a  regular  part  of  the  economy  of  nature :"  but  he  has  nowhere, 
I  think,  so  described  this  process  as  to  make  it  ^pear  in  what  depart- 
ment of  science  we  are  to  place  the  hypothesis.  Are  these  new  species 
oreated  by  the  production,  at  long  intervals,  of  an  ofispring  different  in 
species  from  the  "parents  ?  Or  are  the  species  so  created  produced  with- 
out parents  ?  Are  they  gradually  evolved  from  some  embryo  substance  ? 
or  do  they  suddenly  start  from  the  ground,  as  in  the  creation  of  the 
poet? 

Perfect  forms 

Lunbed  and  fall-grown:  ont  of  the  ground  np  rose 
Ab  firom  his  lair,  the  wild  beast  where  he  wons 
In  forest  wild,  in  thicket,  hrake^  or  den ;  .  .  . 
The  grassy  dods  now  calved ;  now  half  appeared 
The  tawny  lion,  pawing  to  get  free 
His  hinder  parts ;  then  springs  as  broke  from  bonnds, 
And  rampant  shakes  his  brinded  mane ;  Ac  Ac 

Paradise  La9t,  B,  viL 

Some  selection  of  one  of  these  forms  of  the  hypothesis,  rather  than 
the  others,  with  evidence  for  the  selection,  is  requisite  to  entitle  us  to 

'^  B.  m.  e.  s.  p.  i84. 
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Qong  ihe  known  cAunet^  of  ch^tige  whkb  11  Ibli  i 
ering.  The  bare  conrictioa  that  a  (Tt««tkm  of  spectefl  fan 
^  whether  once  or  muiy  tnn^  so  long  as  it  k  nntxiDDectMl 
^rganica]  ecienccs^  is  atenet  of  Natural  Theology  ratbcrtTmn 
kl  Philosophy. 

tL]  [Mr  Lyell  has  exptamed  hh  theory"  by  sappoftin^  man 
a  ^eat  desert^  introdnchig  into  it  living  plants  and  aTiimaJs ; 
s  traced^  in  a  vety  interetting  manner^  the  rosnlU  of  such  a 
i  on  the  distribution  of  vegetable  and  animal  species^  Bot 
les  tile  agents  who  do  this^  before  they  import  spocica  into 
loealiticB,  to  stndy  attentively  the  climate  and  other  physkal 
of  each  Bpot,  and  to  use  various  precsutiona^  It  i«  on 
f  tl»e  notion  of  design  thus  introduced  that  1  have,  above, 
thie  opinion  as  rather  a  tenet  of  NBtnral  Theology  than  <5f 
[Philosophy, 

ward  Forbea  has  ptiblkhed  some  highly  interrtting  specula- 
he  distribution  of  edflting  specie*  of  antniaU  and  plants^  H 
lat  the  manner  in  which  animal  and  vegetfthle  forms  are  n^w 
■quir^q  US  to  assume  contrea  from  which  the  dlfftision  took 
10  means  limited  by  the  present  dividoBs  of  oootiDenttf  tmd 
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lantio  ialands  (the  Asturian  flora),  is  the  record.  The  r^on  between 
Spain  and  Ireland,  and  the  rest  of  this  meiocene  continent,  waa 
destroyed  by  some  geological  movement,  bnt  there  were  left  traces  of 
the  connexion  which  still  remain.  Eastwards  of  the  flora  jost  men- 
tioned, there  is  a  flora  common  to  Devon  and  Cornwall,  to  the  sonth- 
eaat  part  of  Ireland,  the  Channel  Isles,  and  the  adjacent  provinces  of 
France; — a  flora  passing  to  a  southern  character;  and  having  its 
eonrse  marked  by  the  remains  of  a  great  rocky  barrier,  the  destruction 
of  which  probably  took  place  anterior  to  the  formation  of  the  narrower 
part  of  the  channel.  Eastward  from  this  Devon  or  Norman  flora, 
again,  we  have  the  Kentish  flora,  which  is  an  extension  of  the  flora  of 
North-western  France,  insulated  by  the  breach  which  formed  the  straits 
of  Dover.  Then  came  the  Glacial  period,  when  the  east  of  England 
«nd  the  north  of  Europe  were  submerged,  the  northern  drift  was  dis- 
tributed, and  England  was  reduced  to  a  chain  of  islands  or  ridges, 
fermed  by  the  mountains  of  Wales,  Cumberland,  and  Scotland,  which 
were  connected  with  the  land  of  Scandinavia.  This  was  the  period  of 
glacier8|  of  the  dispersion  of  boulders,  of  the  grooving  and  scratching  of 
locks  as  they  are  now  found.  The  climate  being  then  much  colder 
than  it  now  is,  the  flora,  even  down  to  the  water's  edge,  consisted  of 
what  are  now  Alpine  plante ;  and  this  Alpine  flora  is  common  to  Scan- 
dinavia and  to  our  mountain-summits.  And  these  plants  kept  their 
places,  when,  by  the  elevation  of  the  land,  the  whole  of  the  present  Ger^ 
man  Ocean  became  a  continent  connecting  Britain  with  central  Europe. 
For  the  increased  elevation  of  their  stations  counterbalanced  the  dimi- 
nished cold  of  the  succeeding  period.  Along  the  dry  bed  of  the 
German  Sea,  thus  elevated,  the  principal  part  of  the  existing  flora  of 
Bbgland,  the  Germanic  flora,  migrated.  A  large  portion  of  our  exist- 
ing animal  population  also  came  over  through  the  same  region ;  and 
along  with  those,  came  hyenas,  tigers,  rhinoceros,  aurochs,  elk,  wolves, 
beavers,  which  are  extinct  in  Britain,  and  other  animals  which  are 
extinct  altogether,  as  the  primigenian  elephant  or  mammoth.  But 
Iben,  again,  the  German  Ocean  and  the  Irish  Channel  were  scooped 
oat;  and  the  climate  again  changed.  In  our  islands,  so  detached, 
many  of  the  larger  beasts  perished,  and  their  bones  were  covered  up 
in  peat-mosses  and  caves,  where  we  find  them.  This  distinguished 
naturalist  has  further  shown  that  the  population  of  the  sea  lends  itself 
to  the  same  view.  Mr.  Forbes  says  that  the  writings  of  Mr.  Smith,  of 
Jordan-hill,  ^  On  the  last  Changes  in  the  relative  Levels  of  the  Land 
and  Sea  in  the  British  Islands,"  published  in  the  Memoirs  of  the  Wer- 
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tmrian  SoeUtyfcr  1887-8,  must  be  esteemed  the  fotrndation  of  a  oriti- 
oaI  inyeatigation  of  this  sabject  in  Britain.] 

2.  Sxtinttion  of  Speeie$. — ^With  regard  to  tiie  extinction  of  qpedeii 
Mr.  Lyell  has  propounded  a  doctrine  which  is  deserving  of  great  atten- 
tion here.  Brocchi,  when  he  had  satisfied  himself  bj  exammation 
of  the  Sab-Apennines,  tiiat  about  half  the  species  which  had  lived  at 
the  period  of  their  deposition,  had  since  become  eztinet,  suggested  ss 
a  possible  cause  for  tiiis  occurrence,  that  the  vital  energies  of  a  q>edes, 
like  that  of  an  individual,  might  gradually  decay  in  the  progren  of 
time  and  of  generations,  till  at  last  the  prolific  power  might  fidl,  and 
the  species  wither  away.  Such  a  property  would  be  conceivable  as  s 
^ysiological  fact ;  for  we  see  something  of  the  kind  in  fruit-trees  pro- 
pagated by  cuttings :  after  some  time,  the  stock  appears  to  wear  out, 
and  loses  its  peculiar  qualities.  But  we  have  no  su£Scient  evidence 
that  this  is  the  case  in  generations  of  creatures  continued  by  the  repro- 
ductive powers.  Mr.  Lyell  conceives,  that,  without  admitting  any 
inherent  constitutional  tendency  to  deteriorate,  the  misfortunes  to 
which  plants  and  animals  are  exposed  by  the  change  of  the  {diysical 
circumstances  of  the  earth,  by  the  alteration  of  land  and  water,  and  by 
the  changes  of  climate,  must  very  frequentiy  occasion  the  loss  of  seve- 
ral [^>ecios.  We  have  historical  evidence  of  the  extinction  of  one  con- 
spicuous species,  the  Dodo,  a  bird  of  large  size  and  singular  form, 
which  inhabited  the  Isle  of  France  when  that  island  was  first  disco- 
vered, and  which  now  no  longer  exists.  Several  other  species  of  ani- 
mals and  plants  seem  to  be  in  the  course  of  vanishing  from  the  face 
of  the  eartli,  even  under  our  own  observation.  And  taking  into 
account  the  greater  changes  of  the  surfisu^  of  the  globe  which  geologj 
compels  us  to  assume,  we  may  imagine  many  or  all  the  existing  species 
of  living  things  to  be  extirpated.  If,  for  instance,  that  reduction  of 
the  climate  of  the  earth  which  appears,  from  geological  evidence,  to 
have  taken  place  already,  be  supposed  to  go  on  much  further,  the 
advancing  snow  and  cold  of  the  polar  regions  may  destroy  the  greater 
part  of  our  plants  and  animals,  and  drive  the  remainder,  or  those  of 
them  which  possess  the  requisite  fiEu^ulties  of  migration  and  accommo- 
dation, to  seek  an  asylum  near  the  equator.  And  if  we  suppose  the 
temperature  of  the  earth  to  be  still  farther  reduced,  this  zone  of  now- 
existing  life,  having  no  further  place  of  refuge,  will  perish,  and  the 
whole  earth  will  be  tenanted,  if  at  all,  by  a  new  creation.  Other 
causes  might  produce  the  same  effect  as  a  change  of  climate ;  and, 
without  supposing  such  causes  to  affect  the  whole  globe,  it  is  easy  to 


immiiie  circamstaiioet  snch  as  might  entirely  disturb  the  equilibrimii 
vhieh  the  powers  of  diffosion  of  different  species  have  prodaoed;-^ 
mi^  give  to  some  the  opporttmity  of  invading  and  conquering  the 
domain  of  others ;  and  in  the  end,  the  means  of  entirely  snppressing 
them,  and  establishing  themselves  in  their  place. 

Ihat  this  eztirpstion  of  certain  species,  which,  as  we  have  seen,  hap> 
pens  in  b  few  cases  nnder  common  circnmstanccs,  might  happen  npon 
a  greater  scale,  if  the  range  of  external  changes  were  to  be  mnch 
enlarged,  cannot  be  doabted.  The  extent,  therefore,  to  which  natoral 
oanaea  may  account  for  the  extinction  <^  species,  will  depend  npon  Ihe 
amoont  of  change  which  we  suppose  in  the  physical  conditions  of  the 
eaitLr  It  must  be  a  task  of  extreme  difficulty  to  estimate  the  effeet 
npon  die  organic  world,  even  if  the  physical  circumstances  were  given. 
To  determine  the  physical  condition  to  which  a  given  state  of  the  earOi 
would  give  rise,  I  have  already  noted  as  another  very  difficult  problem. 
Tel  these  two  problems  must  be  solved,  in  order  to  enaUe  us  to  judge 
of  the  sufficiency  of  any  hypothesis  of  the  extinction  of  species;  and 
in  the  mean  tune,  for  the  mode  in  which  new  species  come  into  the 
places  of  those  which  are  extinguished,  we  have  (as  we  have  seen)  no 
hypothesis  which  physiology  can,  for  a  moment,  sanction. 

Sect  7. — The  Imbedding  of  Organic  Remains. 

Thxbx  is  still  one  portion  of  the  Dynamics  of  Geology,  a  branch  of 
great  and  manifest  importance,  which  I  have  to  notice,  but  upon  which 
I  need  only  speak  very  briefly.  The  mode  in  which  the  spoils  of  exist- 
ing plants  and  animals  are  imbedded  in  the  deposits  now  forming,  is  a 
subject  which  has  naturally  attracted  the  attention  of  geologists. 
Daring  the  controversy  which  took  place  in  Italy  respecting  the  fossils 
of  the  Sub-Apennine  hills,  Yitaliano  Donati,^*  in  1750,  undertook  an 
examination  of  the  Adriatic,  and  found  that  deposits  containing  shells 
and  corals,  extremely  resembling  the  strata  of  the  hills,  were  there  in 
the  act  of  formation.  But  without  dwelling  on  other  observations  of 
like  kind,  I  may  state  that  Mr.  Lyell  has  treated  this  subject,  and  all 
the  topics  connected  with  it,  in  a  very  full  and  satisfactory  manner. 
He  has  explained,^'  by  an  excellent  collection  of  illustrative  facts,  how 
deposits  of  various  substance  and  contents  are  formed ;  how  plants  and 
animals  llecome  fossil  in  peat,  in  blown  sand,  in  volcanic  matter,  in 
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allayial  aoil,  in  caves,  and  in  the  beda  of  lakes  and  seas.  Thia  eipoii- 
tion  is  of  the  most  instnictive  character,  as  a  means  of  obtaining  xi^ 
conclusions  concerning  the  causes  of  ge(dogical  phenomena.  Indeed, 
in  many  cases,  the  similarity  of  past  effects  with  operationa  now  gXHUg 
on,  is  so  complete,  that  they  may  be  consideied  as  identical;  and  the 
discussion  of  such  cases  belongs,  at  the  same  tjmei  to  Geological  Dyna- 
mics and  to  Physical  Geology;  just  as  the  problem  of  the  M  of 
meteorolites  may  be  considered  as  belonging  alike  to  mechanics  and 
to  physical  astronomy.  The  growth  of  modem  peat-mosses,  for  eiam- 
pie,  fully  explains  the  fonnation  of  the  most  ancient :  objects  are  buried 
in  the  same  manner  in  the  ejections  of  active  and  of  extinct  volcanoes; 
within  the  limits  of  history,  many  estuaries  have  been  filled  up ;  and  in 
the  deposits  which  have  occupied  these  places,  are  strata  containing 
shells,^^  as  in  the  older  formations. 


»  Lyell,  R  hl  0.  zriL  p  26fi.  See  also  his  AddrMB  to  the  GeologiQal  Soow^ 
in  1887,  for  an  aoeoont  of  the  Reeeaxohea  of  Mr.  Stokes  and  of  Profeawr  Q^ 
pert^  on  the  lapidification  of  vegetables. 
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CHAPTER  Vn. 
Pboobbss  of  Phtsioal  Gsoloot. 


Sect.  1. — Object  and  J)isHneti<m8  of  Physical  Geology. 

BEING,  in  coDBeqnence  of  the  steps  which  we  have  attempted  to 
describe,  in  possession  of  two  sciences,  one  of  which  traces  the 
laws  of  action  of  known  causes,  and  the  other  describes  the  pheno- 
mena which  the  earth's  surfAce  presents,  we  are  now  prepared  to  ez« 
amine  how  &r  the  attempts  to  refer  the  flBu^ts  to  their  causes  have 
been  snccessfdl:  we  are  ready  to  enter  upon  the  consideration  of 
Theoretical  or  Physical  Qeology,  as,  by  analogy  with  Physical  Astro- 
ncnny,  we  may  term  this  branch  of  speculation. 

The  distinction  of  this  from  other  portions  of  our  knowledge  is 
sofiSciently  evident.  In  former  times.  Geology  was  always  associated 
with  Mineralogy,  and  sometimes  confounded  with  it ;  but  the  mistake 
of  such  an  arrangement  must  be  clear,  from  what  has  been  said.  Ge-. 
ology  is  connected  with  Mineralogy,  only  so  far  as  the  latter  science 
clarifies  a  large  portion  of  the  objects  which  Geology  employs  as 
evidence  of  its  statements.  To  confound  the  two  is  the  same  error  as  it 
wonld  be  to  treat  philosophical  history  as  identical  with  the  knowledge 
of  medals.  Geology  procures  evidence  of  her  conclusions  wherever 
•he  can ;  from  minerals  or  from  seas ;  from  inorganic  or  from  organic 
bodies ;  from  the  ground  or  from  the  skies.  The  geologist's  business 
is  to  learn  the  past  history  of  the  earth ;  and  he  is  no  more  limited  to 
one  or  a  few  kinds  of  documents,  as  his  sources  of  information,  than 
is  the  historian  of  man,  in  the  execution  of  a  similar  task. 

Physical  Geology,  of  which  I  now  speak,  may  not  be  always  easily 
separable  from  Descriptive  Geology  :  in  fieu^t,  they  have  generally  been 
combined,  for  few  have  been  content  to  describe,  without  attempting 
in  some  measure  to  explain.    Indeed,  if  they  had  done  so,  it  is  proba- 


PHYSICAL  GEOLOGY. 


CHAPTER  VIL 
Pboobbss  of  Phtsioal  Gsoloot. 


Sect,  1. — Obfeet  and  DisHnetions  of  Physical  Geology. 

BEENG,  in  coiiBeqtience  of  the  steps  ^rhich  we  have  attempted  to 
describe,  in  possession  of  two  sciences,  one  of  which  traces  the 
laws  of  action  of  known  causes,  and  the  other  describes  the  pheno- 
mena which  the  earth's  sorfisice  presents,  we  are  now  prepared  to  ex- 
amine how  isi  the  attempts  to  refer  the  facts  to  their  causes  have 
been  snccessfol:  we  are  ready  to  enter  upon  the  consideration  of 
Theoretical  or  Physical  Geology,  as,  by  analogy  with  Physical  Astro- 
nomy, we  may  term  this  branch  of  speculation. 

The  distinction  of  this  from  other  portions  of  oar  knowledge  is 
sofBciently  evident.  In  former  times.  Geology  was  always  associated 
with  Mineralogy,  and  sometimes  confounded  with  it ;  but  the  mistake 
of  such  an  arrangement  most  be  clear,  from  what  has  been  said.  Ge-. 
ology  is  connected  with  Mineralogy,  only  so  far  as  the  latter  science 
classifies  a  large  portion  of  the  objects  which  Geology  employs  as 
evidence  of  its  statements.  To  confound  the  two  is  the  same  error  as  it 
wonld  be  to  treat  philosophical  history  as  identical  with  the  knowledge 
of  medals.  Geology  procures  evidence  of  her  conclusions  wherever 
•he  can ;  from  minerals  or  from  seas ;  from  inorganic  or  from  organic 
bodies ;  from  the  ground  or  from  the  skies.  The  geologist's  business 
is  to  learn  the  past  history  of  the  earth ;  and  he  is  no  more  limited  to 
(me  or  a  few  kinds  of  documents,  as  his  sources  of  information,  than 
is  the  historian  of  man,  in  the  execution  of  a  similar  tasL 

Ph3^cal  Qeologfi  of  which  I  now  speak,  may  not  be  always  easily 
separable  from  Descriptive  Geology  :  in  fact,  they  have  generally  been 
combined,  for  few  have  been  content  to  describe,  without  attempting 
in  some  measure  to  explain.    Indeed,  if  they  had  done  so,  it  is  proba- 
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The  notion  of  a  series  of  creations  and  destaraetionsof  vorida,  wliiflli 
appears  in  the  sacred  yolmne  of  the  Hindoos,  which  formed  part  of 
the  traditionaiy  lore  of  E^ypt,  and  which  was  afterwards  adc^yted  into 
the  poetry  and  philosophy  of  Greece,  most  be  considered  as  b  mytto* 
logical,  not  a  physical,  doctrine.  When  this  doctrine  was  dwelt  npon, 
men's  thoughts  were  directed,  not  to  the  tenestrial  &cta  which  it 
seemed  to  explain,  but  to  the  attributes  of  the  deitiea  whidi  it 
illustrated.  The  conception  of  a  Supreme  power,  impdling  and  guid- 
ing the  progress  of  events,  which  is  permanent  among  all  petpefcaal 
change,  and  regular  among  all  seeming  chance,  was  readily  entertaned 
by  contemplative  and  enthusiastic  minds ;  and  when  natural  phenomena 
were  referred  to  this  doctrine,  it  was  rather  for  the  purpose  of  fosten- 
ing  its  impressiveness  upon  the  senses,  than  in  the  way  of  giving  to  it 
authority  and  support  Hence  we  perceive  that  in  the  exposition  of 
this  doctrine,  an  attempt  was  always  made  to  fill  and  elevate  tlie  mind 
with  the  notions  of  marvellous  events,  and  of  infinite  times,  in  whidi 
vast  cycles  of  order  recurred.  The  **  great  year,"  in  which  all  celestial 
phenomena  come  round,  offered  itself  as  capable  of  bemg  calculated ; 
and  a  similar  great  year  was  readily  assumed  for  terrestrial  andbuman 
events.  Hence  there  were  to  be  brought  round  by  great  cycles,  not 
only  deluges  and  confiagrations  which  were  to  destroy  and  renovate 
the  earth,  but  also  the  series  of  historical  occurrences.  Not  only  the 
sea  and  land  were  to  recommence  their  alternations,  but  there  was  to 
be  another  Argo,  which  should  carry  warriors  on  the  first  sea-foray," 
and  another  succession  of  heroic  wars.  Looking  at  the  passages  of 
ancient  authors  which  refer  to  terrestrial  changes  in  this  view,  we  diall 
see  that  they  are  addressed  almost  entirely  to  the  love  of  the  marvel- 
lous and  the  infinite,  and  cannot  with  propriety  be  taken  as  indications 
of  a  spirit  of  physical  philosophy.  For  example,  if  we  turn  to  the 
celebrated  passage  in  Ovid,'  where  Pythagoras  is  represented  as  assert- 
ing that  land  becomes  sea,  and  sea  land,  and  many  other  changes  which 
geologists  have  verified,  we  find  that  these  observations  are  associated 
with  many  febles,  as  being  matter  of  exactly  the  same  kind ; — ^the 
fountain  of  Ammon  which  was  cold  by  day  and  warm  by  night;* — ^the 
waters  of  Salmacis  which  effeminate  men ; — ^theClitorian  spring  which 
makes  them  loathe  wine ; — the  Simpl^pEtdes  islands  whicb  were  once 
moveable; — the  Tritonian  lake  which  covered  men's  bodies  with 
feathers; — and  many  similar  marvels.    And  the  general  purport  of 

*  Virg.  Bdog.  4.  •  iM  Libi  zv.  «  Y.  809,  4& 
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the  whole  1%  to  Gountenance  the  doctrine  of  the  metanps^rchosifl,  and 
the  Pythag(»ean  injnnction  of  not  eating  animal  food.  It  is  clear,  I 
tfamk^  that  fiusta  bo  introduced  mnst  be  considered  as  having  been  con* 
tfmpiatftd  rather  in  the  spirit  of  poetry  than  of  science. 

We  nmst  estimate  in  the  same  manner,  the  very  remarkable  passage 
biooght  to  light  by  M.  Elie  de  Beanmont^*  from  the  Arabian  writer, 
Kaiwiri ;  in  which  we  have  a  representation  of  the  same  spot  of 
groand,  as  beii^,  at  saccessive  intervals  of  five  hundred  years,  a  cify,  a 
ie%  a  desert^  and  again  a  city.  This  invention  is  adduced,  I  conceive, 
ather  to  feed  the  appetite  of  wonder,  than  to  fix  it  npon  any  reality : 
as  the  titte  of  his  book,  The  Marvels  of  Nature^  obviously  intimates. 

Ihe  qpeculatbns  of  Aristotle,  concerning  the  exchanges  of  land  and 
•ea  which  take  place  in  long  periods,  are  not  formed  in  exactly  the 
WMsm  spirit,  but  they  are  hardly  more  substantial;  and  seem  to  be 
qnite  as  arbitrary,  since  they  are  not  confirmed  by  any  examples  and 
proofik  After  stating,*  that  the  same  spots  of  the  earth  are  not  always 
land  and  always  water,  he  gives  the  reason.  *'  The  principle  and  cause 
of  this  is,**  he  says,  *<  that  the  inner  parts  of  the  earth,  like  the  bodies 
of  {danta  and  animals,  have  their  ages  of  vigor  and  of  decline ;  but  in 
plmnts  and  animals  all  the  parts  are  in  vigor,  and  all  grow  old,  at  once : 
in  the  earth  di£Perent  parts  arrive  at  maturity  at  different  times  by  the 
oiwntion  of  cold  and  heat :  they  grow  and  decay  on  account  c^  the 
son  and  the  revolution  of  the  stars,  and  thus  the  parts  of  the  earth 
acquire  different  power,  so  that  for  a  certain  time  they  remain  moist, 
and  then  become  dry  and  old :  and  then  other  places  are  revivified, 
and  become  partially  watery."  We  are,  I  conceive,  doing  no  injustice 
to  such  speculations  by  classing  them  among  fanciful  geological 
opinions. 

We  must  also,  I  conceive,  range  in  the  same  division  another  class 
of  writers  of  much  more  modem  times ; — ^I  mean  those  who  have 
framed  their  geology  by  interpretations  of  Scripture.  I  have  ahready 
endeavored  to  show  that  such  an  attempt  is  a  perversion  of  the  pur- 
pose of  a  divine  communication,  and  cannot  lead  to  any  physical  truth. 
I  do  not  here  speak  of  geological  speculations  in  which  the  Mosaic 
aoeoont  of  the  deluge  has  been  referred  to ;  for  whatever  errors  may 
have  been  conmiitted  on  that  subject,  it  would  be  as  absurd  to  dis- 
regard the  most  ancient  historical  record,  in  attempting  to  trace  back 
the  history  of  the  earth,  as  it  would  be,  gratuitously  to  reject  any  other 
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•oaroe  of  informatioiL  But  the  interpretationa  of  die  account  of  tha 
crealion  have  gone  farther  beyond  tha  liautaof  aoDndphiloaopby:  and 
when  we  look  at  the  arbitrary  and  fimtjwtiftal  inventiona  by  which  a 
few  phrases  of  the  writings  of  MoaeahaYe  been  moulded  iirto  oanqlato 
syatems,  we  cannot  doobt  that  thete  infteorpretationa  bekog  to  tha  foe- 
sent  Section. 

I  shall  not  attempt  to  critidze,  nor  even  to  ennmezste,  theae  Bei^ 
tural  Geologiee,— 5aer«i  Thnriet  ^  ikt  JBarihj  aa  Bmmet  tenned  hk 
Bay,  Wood97ard,  Whiston,  and  many  other  persona  to  whom  aoMfie 
has  oonsideraUe  obligationsy  were  involved,  by  the  qpecnlative  haUhi 
of  their  times,  in  these  essays;  and  they  have  been  reanmed  by  pe^ 
sons  <^  considerable  talent  and  some  kaowle(%e,  on  variona  occaskxus 
up  to  the  present  day ;  but  the  more  geology  has  been  studied  on  ill 
own  pn^per  evidence,  the  more  have  geologists  seen  the  nnprofitahk 
character  oi  sack  labors.   . 

I  proceed  now  to  the  next  atep  in  the  progress  of  Theosetical  Geo- 
logy- 

Sect.  8. — Of  Premature  Geological  Themes, 

W^iLK  we  were  giving  our  account  of  Descriptive  Geology,  the  atten- 
tive reader  would  perceive  that  we  did,  in  fact,  state  several  steps  in 
the  advance  towards  general  knowledge ;  but  when,  in  thoae  cases,  the 
theoretical  aspect  of  such  discoveries  softened  into  an  appearance  of 
mere  classification,  the  occurrence  was  assigned  to  the  history  of 
Descriptive  rather  than  of  Theoretical  Geology.  Of  such  a  kind  was 
the  establishment,  by  a  long  and  vehement  controversy,  of  the  &ct,  that 
the  impressions  in  rocks  are  really  the  traces  of  ancient  living  things ; 
such,  again,  were  the  division  of  rocks  into  Primitive,  Secondary,  Ter- 
tiary ;  the  asoertainment  of  the  orderly  succession  of  oiganio  remains ; 
the  consequent  fixation  of  a  standard  series  of  formations  and  itrata; 
the  establishment  of  the  igneous  nature  of  trap  rocks;  and  the  like. 
These  are  geological  truths  which  are  assumed  and  implied  in  the  very 
language  which  geology  uses;  thus  showing  how  in  thia,  as  in  all 
other  sciences,  the  succeeding  steps  involve  the  preceding.  But  in  the 
history  of  geological  theory,  we  have  to  consider  the  wider  attempts 
to  combine  the  &cts,  and  to  assign  them  to  their  causes. 

The  close  of  the  last  century  produced  two  antagonist  theories  of 
this  kind,  which  long  maintained  a  fierce  and  doubtful  straggle ; — that 
of  Werner  and  that  of  Button :  the  one  termed  I^eptuman,  from  its 
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aMribing  the  phenomena  of  the  earth's  surfEUse  mainly  to  aqneoiiB 
agency ;  the  other  Piuioman  or  Vuleanian^  because  it  emplo]^  the 
faree  of  sabternmeoos  fire  as  its  {Hincipal  machinery.  The  circmnstance 
wfaieh  is  most  worthy  of  notice  in  these  remarkable  essays  is,  the  endeavor 
fa>  give,  by  means  of  snch  materials  as  the  anthers  possessed,  a  com- 
plete and  simple  account  of  all  the  facts  of  the  earth's  history.  Hie 
Saxon  i«o&8sor,  proceeding  on  the  examination  of  a  small  district  in 
GennaByv  maintained  the  existence  of  a  chaotio  fluid,  £nom  which  a 
\  of  universal  formations  had  been  precipitated,  the  position  of  the 
being  Iffoken  np  by  the  &lling  in  of  snbterraneons  cavities^ 
in  the  intervals  between  these  depositions.  The  Scotch  philosopher, 
who  had  observed  in  England  and  Scotland,  thon^t  himself  justified 
ID  declaring  that  the  existing  causes  were  sufiScient  to  ^read  new  strata 
en  the  bottom  of  the  ocean,  and  that  they  are  consolidated,  elevated, 
and  fractured  by  volcanic  heat,  so  as  to  give  rise  to  new  continents. 

It  will  hardly  be  now  denied  that  all  that  is  to  remain  as  permanent 
science  in  each  of  these  systems  must  be  proved  by  the  examination  of 
many  cases  and  limited  by  many  conditions  and  circumstances.  Theo- 
ries so  wide  and  simple,  were  consistent  only  with  a  comparatively  scanty 
collection  of  &cts,  and  belong  to  the  early  stage  of  geological  knowledge. 
In  the  progress  of  the  science,  the  ^  theory"  of  each  part  of  the  earth 
must  come  out  of  the  examination  of  that  part,  combined  with  all  that 
is  well  estaUished,  concerning  all  the  rest ;  and  a  general  theory  must 
result  from  the  comparison  of  all  such  partial  theoretical  views.  Any 
attempt  to  snatch  it  before  its  time  must  fail ;  and  therefore  we  may 
venture  at  present  to  designate  general  theories,  like  those  of  Button 
and  Werner,  as  premature. 

Thk,  indeed,  is  the  sen^ent  of  most  of  the  good  geologists  of  the 
present  day.  The  time  for  such  general  systems,  and  for  the  fieree 
wan  to  wUch  the  opposition  of  such  generalities  gives  rise,  is  probaUy 
now  past  lor  ever ;  and  geology  will  not  again  witness  such  a  eontro- 
vemy  as  that  of  the  Wemerian  and  Huttonian  schools. 

Ab  when  two  blsok  oloudB 

With  heaven's  srtilleiy  fraught,  eome  rattUng  on 

Over  the  Caspian :  then  stand  ftont  to  front, 

Hovering  a  space,  till  winds  the  signal  blow 

To  join  their  dark  encounter  in  mid-air. 

So  frowned  the  mighty  combatants^  that  hell 

Grew  darker  at  their  frown ;  so  matched  they  stood : 

For  never  bat  once  more  was  either  like 

To  meet  so  great  a  foe 
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The  main  points  really  affecting  tiie  progren  of  sonnd  theoretical 
geology,  will  find  a  fdace  in  one  of  the  two  next  Sectiona. 

[2nd  Ed.]  [I  think  I  do  no  injortice  to  Dr.  Hntton  in  deaoribii^lui 
theory  of  the  earth  afi|M«ma<ttre.  Pn^  Piay£sdi^8  elegantwork^  THiif- 
traHons  of  the  SuiUmian  Theory,  (1808,)  bo  joatly  admired,  contaiBa 
many  doctrines  which  the  more  mature  geology  of  modem  timea  iqeete; 
toch  as  the  igneons  origin  of  chalk-flints,  silioeons  padding  stone^  anddie 
like ;  the  universal  f>rmation  of  river-beds  by  the  rivers  themadves;  aad 
other  points.  With  regard  to  this  last-mentioned  qaeation,  I  think  all 
who  have  read  Delnc's  CMogie  (1810)  will  deem  his  refotation  of  P1ay» 
fidr  complete. 

Bat  though  Hatton's  theory  was  prematore,  as  well  as  Wemo^a, 
the  former  had  a  fax  greater  value  as  an  important  step  on  the  road  to 
trath.  Many  of  its  boldest  hypotheses  and  generalisations  have  bec<mie 
a  part  of  the  general  creed  of  geologists ;  and  its  publication  is  perhaps 
the  greatest  event  which  has  yet  occurred  in  the  progress  of  Phyncsl 
Geology.] 


CHAPTER  Vm. 
Thb  Two  Antaookist  Doctrikes  of  Gkoloot. 


Sect.  1. — Of  the  Doctrine  of  Geological  Catastrophes, 

THAT  great  changes,  of  a  kind  and  intensity  quite  different  fiom  the 
common  course  of  events,  and  which  may  therefore  properly  be 
called  catastrophes,  have  taken  place  upon  the  earth's  sur&ce,  was  an 
opinion  which  appeared  to  be  forced  upon  men  by  obvious  facts.  Re- 
jecting, as  a  mere  pl^y  of  fancy,  the  notions  of  the  destruction  of  the 
earth  by  cataclysms  or  conflagrations,  of  which  we  have  already  spoken, 
we  flnd  that  the  first  really  scientific  examination  of  the  materials  of 
the  earth,  that  of  the  Sub-Apennine  hills,  led  men  to  draw  this  inference. 
Leonardo  da  Vinci,  whom  we  have  already  noticed  for  his  early  and 
strenuous  assertion  of  the  real  marine  origin  of  fossil  impressions  of  shells, 
also  maintained  that  the  bottom  of  the  sea  had  become  the  top  of  the 
mountain  ;  yet  his  mode  of  explaining  this  may  perhaps  be  claimed 
by  the  modem  advocates  of  uniform  causes  as  more  allied  to  their 
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opmioii,  than  to  the  doctrine  of  catastrophes.^  Bat  Steno,  in  1669, 
^roftched  nearer  to  this  doctrine ;  for  he  asserted  that  Tuscany  mnst 
liSTe  changed  its  fiu^  at  intervals,  so  as  to  acquire  six  different  confign- 
ntionBibythe  successive  breaking  down  of  the  older  strata  into  inclined 
poBtionfl,  and  the  horizontal  deposit  of  new  ones  upon  them.  Strabo, 
tideed,  at  an  eariier  period  had  recourse  to  earthquakes,  to  explain  the 
ocemience  of  shells  in  mountains;  and  Hooke  published  the  same 
opndoti  later.  But  the  Italian  geologists  prosecuted  their  researches 
under  the  advantage  of  having,  close  at  hand,  large  collections  of  con- 
^lidionB  and  consistent  phenomena.  Lazzaro  Moro,  in  1 740,  attempted 
to  1^7  the  theory  of  earthquakes  to  the  Italian  strata ;  but  botJi  he 
and  hii  expositor,  Cirillo  Generelli,  inclined  rather  to  reduce  the  vio- 
lence of  these  operations  within  the  ordinary  course  of  nature,'  and 
thns  leant  to  the  doctrine  of  uniformity,  of  which  we  have  afterwards 
to  speak.  Moro  was  encouraged  in  this  line  of  speculation  by  the 
extraordinary  occurrence,  as  it  w^  deemed  by  most  persons,  of  the  rise 
of  a  new  volcanic  island  from  a  deep  part  of  the  Mediterranean,  near 
Santorino,  in  1707.'  But  in  other  countries,  as  the  geological  ^EU^ts 
were  studied,  the  doctrine  of  catastrophes  appeared  to  gain  ground. 
Thus  in  England,  where,  through  a  large  part  of  the  country,  the  coal- 
measures  are  extremely  inclined  and  contorted,  and  covered  over  by 
more  horizontal  fragmentary  beds,  the  opinion  that  some  violent  cata- 
strophe had  occurred  to  dislocate  them,  before  the  superincumbent 
strata  were  deposited,  was  strongly  held.  It  was  conceived  that  a 
period  of  violent  and  destructive  action  must  have  succeeded  to  one  of 
repose ;  and  that,  for  a  time,  some  unusual  and  paroxysmal  forces  must 
have  been  employed  in  elevating  and  breaking  the  pre-existing  strata, 
and  wearing  their  fragments  into  smooth  pebbles,  before  nature  subsided 
into  a  new  age  of  tranquillity  and  vitality.  In  like  manner  Cuvier, 
from  the  alternations  of  fresh-water  and  salt-water  species  in  the  strata 
of  Paris,  collected  the  opinion  of  a  scries  of  great  revolutions,  in  which 
**the  thread  of  induction  was  broken."  Deluc  and  others,  to  whom 
we  owe  the  first  steps  in  geological  dynamics,  attempted  carefully  to 
distinguish  between  causes  now  in  action,  and  those  which  have  ceased 
to  act;  in  which  latter  class  they  reckoned  the  causes  which  have 


*  "  Here  is  a  part  of  the  earth  whioh  has  become  more  lights  and  which  i 
while  the  opposite  part  approaches  nearer  to  the  oentre,  and  what  was  the 
bottom  of  the  sea  i«  become  the  top  of  the  mountain.  ** — Ventori's  Leonard  da 
VincL 

•  Lyell,  I  8.  p.  64.  (4th  ed.)  'lb.  p.6a 
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elevated  the  existing  continentB.  This  distinction  was  assented  to  by 
many  succeeding  geolc^ts.  The  forces  which  have  raised  into  the 
clonds  the  vast  chains  of  the  Pyrenees,  the  Alps,  the  Andes,  must  have 
been,  it  was  deemed,  something  very  di£ferent  from  any  agencies  now 
operating. 

This  opinion  was  farther  confirmed  by  the  appearance  of  a  Gooplete 
change  in  the  forms  of  animal  and  vegetable  life,  in  passing  from  one 
formation  to  another.  The  species  of  which  the  remaina  occnnedi 
were  entirely  different,  it  was  said,  in  two  snccessive  qK>chB :  a  new 
creation  ai^>eaiB  to  have  intervened ;  and  it  was  readily  believed  that 
a  transition,  so  entirely  oat  of  the  common  coarse  of  the  world,  migbt 
be  accompanied  by  paroxysms  of  mechanical  energy.  Sach  views 
prevail  extensively  among  geologists  up  to  the  present  time :  for  infltance, 
in  the  comprehensive  theoretical  generalizations  of  Elie  de  Beaomont 
and  others,  respecting  moantain-diains,  it  is  supposed  that,  at  certain 
vast  intervals,  systems  of  mountains,  which  may  bo  recognized  by  the 
parallelism  of  course  of  their  inclined  beds,  have  been  disturbed  and 
elevated,  lifting  up  with  them  the  aqueous,  strata  which  had  been 
deposited  among  them  in  the  intervening  periods  of  tranquillity,  and 
which  are  recognized  and  identified  by  means  of  their  organic  remains : 
and  according  to  the  adherents  of  this  hypothesis,  these  sudden  eleva- 
tions of  mountain-chains  have  been  followed,  again  and  again,  by 
mighty  waves,  desolating  whole  r^ons  of  the  earth. 

The  peculiar  bearing  of  such  opinions  upon  the  progress  of  physical 
geology  will  be  better  understood  by  attending  to  the  doctrint  of  uni- 
formity^ which  is  opposed  to  them,  and  with  the  consideration  of 
which  we  shall  close  our  survey  of  this  science,  the  last  branch  of  our 
present  tasL 

Sect,  2. — Of  the  Doctrine  of  Geological  Uniformity. 

Thb  opinion  that  the  history  of  the  earth  had  involved  a  series  of 
catastrophes,  confirmed  by  the  two  great  classes  of  &cts,  the  symptoms 
of  mechanical  violence  on  a  very  large  scale,  and  of  complete  changes 
in  the  living  things  by  which  the  earth  had  been  tenanted,  took  strong 
hold  of  the  geologists  of  England,  France,  and  Germany.  Huttou, 
though  he  denied  that  there  was  evidence  of  a  beginning  of  the  pre- 
sent state  of  things,  and  referred  many  processes  in  the  formation  of 
strata  to  existing  causes,  did  not  assprt  that  the  elevatory  forces  which 
raise  continents  from  the  bottom  of  the  ocean,  were  of  tiie  same  order, 
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as  well  n  of  the  same  Innd,  with  the  volcanoes  and  earthquakes  which 
B0W  shake  the  snrfiu^.  His  doctrine  of  nnifonnity  was  founded  rather 
OB  the  snpposed  analogy  of  other  lines  of  qpecnlation,  than  on  the 
fumigation  of  the  amount  of  changes  now  going  on.  **  Hie  Author 
of  nature,*'  it  was  said,  **  has  not  permitted  in  His  works  any  symptom 
tf  imfimey  or  of  old  age,  or  any  sign  by  which  we  may  estimate  either 
fheir  {atare  or  their  past  duration :"  and  the  example  of  the  planetary 
ijvlem  was  referred  to  in  illustration  of  this.^  And  a  general  persua- 
■on  that  the  champions  of  this  theory  were  not  disposed  to  accept  the 
woal  opinions  on  the  subject  of  creation,  was  allowed,  perhaps  very 
mgnritfj  to  weigh  strongly  against  them  in  the  public  opinion. 

l¥hfle  the  rest  of  Europe  had  a  decided  bias  towards  the  doctrine  of 
geological  catastrophes,  the  phenomena  of  Italy,  which,  as  we  have 
seen,  had  already  tended  to  soften  the  rigor  of  that  doctrine,  in  the 
progress  of  speculation  from  Steno  to  Generclli,  were  destined  to  miti- 
gate it  still  more,  by  converting  to  the  belief  of  uniformity  transalpine 
geolog^  who  had  been  bred  up  in  the  catastrophist  creed.  Hiis 
effect  was,  indeed,  gradual.  For  a  time  the  distinction  of  the  recent 
and  the  tertiary  period  was  held  to  be  marked  and  strong.  Brocchi 
asserted  that  a  large  portion  of  the  Sub-Apennine  fossil  shells  belonged 
to  a  living  species  of  the  Mediterranean  Sea :  but  the  geologists  of  the 
rest  of  Bnrope  turned  an  incredulous  ear  to  this  Italian  tenet;  and  the 
persuasion  of  the  distinction  of  the  tertiary  and  the  recent  period  was 
deeply  impressed  on  most  geologists  by  the  memorable  labors  of 
Cavier  and  Brongniart  on  the  Paris  basin.  Still,  as  other  tertiaiy 
deposits  were  examined,  it  was  found  that  they  could  by  no  means  be 
considered  as  contemporaneous,  but  that  they  formed  a  chain  of  postSy 
advancing  nearer  and  nearer  to  the  recent  period.  Above  the  strata 
of  the  basins  of  London  and  Paris,*  lie  the  newer  strata  of  Toundne, 
of  Bourdcaux,  of  the  valley  of  the  Bormida  and  the  Snperga  near 
Turin,  and  of  the  basin  of  Vienna,  explored  by  M.  Constant  Prevost 
Newer  and  higher  still  than  these,  are  found  the  Sub-Apennine  formar 
tions  of  Northern  Italy,  and  probably  of  the  same  period,  the  English 
•  crag**  of  Norfolk  and  Suffolk.  And  most  of  these  marine  formations 
are  associated  with  volcanic  products  and  fresh-water  deposits,  eo  as  to 
imply  apparently  a  long  train  of  alternations  of  corresponding  pro- 
cesses. It  may  easily  be  supposed  that,  when  the  subject  had  assumed 
this  form,  the  boundary  of  the  present  and  past  condition  of  the  earth 


*  Lyell,  i  4,  p.  94.  •  Lyell,  lit  ed.  vd.  iiL  p.  61. 
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Dme  measure  obetiured.  But  it  vra^  tiot  long  before  fl  votj 
npt  was  mnde  to  obliter^ic  it  iliogetliL>n  Ib  m:£8,  Mi.  LyeU 
m  a  geological  totir  through  Fnun'o  mid  Italy.*  Ho  had 
oncetved  the  idea  of  claftsing  tlio  Uirtmry  groups  by  refocqnoi 
umber  of  recent  species  which  wtre  foQod  in  a  foaall  etfttOH 
)  passed  from  the  uortii  to  the  itonlh  vf  Italy,  he  found,  by 
cation  with  the  hcst  fossil  conchologiaLB^  Boralli  at 
it  Parma,  Costa  at  NaploBj  that  the  number  of  extinct  i 

;  30  that  the  laBt-montioned  aaturatist^  from  an  cxamin 
s&il  shells  of  Otranto  aud  Calabria,  and  of  the  Qeighboaqg^ 
of  opinion  that  few  of  the  tertiary  shells  were  of  extinct  tp^ 

complete  the  series  of  pfoo^  Mn  Lyell  himself  explored  the 
l^hia,  and  founds  ^000  feet  abovo  tlae  Icrcl  of  the  sea,  &hellsy 
re  all  pronounced  to  be  of  epecite  now  inhabiting  the  Ma<H> 
;  and  «oou  aft,0T,  he  mado  coUections  of  a  eiinilar  detcripfcuni 
nks  of  Etna,  in  the  Val  di  Noto,  and  in  other  pUoM. 
ipreaaioii  produced  by  these  researches  i*  dwcribed  by  him- 
a  the  course  of  my  tour  1  had  been  frequently  led  taT«Atfsl 
Gcept  of  Descartes,  that  a  philosopher  should  onco  in  hin  lift 
!iy thing  he  had  been  taught ;  bat  1  still  rctaiaod  ta  milcli 
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Befine  Mr.  Lyell  entered  upon  bis  journey,  he  had  pat  into  the 
kmiB  of  the  printer  the  first  volmne  <tf  his  **  Prindplee  of  Geology, 
bang  an  attempt  to  explain  the  former  Changes  of  the  Earth's  Sur&ce 
kfrtfiBremee  to  th$  Cauies  now  in  Operatim!^  And  after  yiewing  soch 
phenomena  as  we  ha^e  spoken  o(  he,  no  doubt,  judged  that  the  doc- 
of  catastrophes  of  a  kind  entirely  di£ferent  from  the  existing 
of  erents,  would  never  have  been  generally  received,  if  geolo- 
psls  had  at  first  formed  their  opinions  upon  the  Sicilian  strata.  The 
booBdaxy  aqmiating  the  present  from  the  anterior  state  <A  things  crum- 
bled Away ;  the  difference  of  fossil  and  recent  species  had  disappeared, 
sad,  at  the  same  time,  the  changes  of  position  which  marine  strata  had 
undeigone,  although  not  inferior  to  those  of  earlier  geological  periods, 
m^^  be  ascribed,  it  was  thought,  to  the  same  kind  of  earthquakes  as 
diose  which  still  agitate  that  region.  Both  the  supposed  proo&  of 
catastrc^hic  transition,  the  organical  and  the  mechanical  changes^ 
friled  at  the  same  time ;  the  one  by  the  removal  <A  the  £act,  the  other 
l^  the  exhil»tion  of  the  cause.  The  powers  of  earthquakes,  even  such 
as  tfiey  now  exist,  were,  it  was  supposed,  if  allowed  to  operate  for  an 
illimitaUe  time,  adequate  to  produce  all  the  mechanical  effects  which 
the  strata  of  all  ages  display.  And  it  was  declared  that  all  evidence 
of  a  beginning  of  the  present  state  of  the  earth,  or  of  any  material 
atteratioii  in  the  energy  of  the  forces  by  which  it  has  been  modified  at 
various  epochs,  was  entirely  wanting. 

Other  circumstances  in  the  progress  of  geology  tended  the  same 
way.  Thus,  in  cases  where  there  had  appeared  in  one  country  a  sud- 
den and  violent  transition  from  one  stratum  to  the  next,  it  was  found, 
that  by  tracing  the  formations  into  other  countries,  the  chasm  between 
them  was  filled  up  by  intermediate  strata ;  so  that  the  passage  became 
as  gradual  and  gentle  as  any  other  step  in  the  series.  For  example, 
though  the  conglomerates,  which  in  some  parts  of  England  overlie  the 
coal-measures,  appear  to  have  been  produced  by  a  complete  discon- 
tinuity in  the  series  of  changes ;  yet  in  the  coal-fields  of  Yorkshire, 
Durham,  and  Cumberland,  the  transition  is  smoothed  down  in  such  a 
way  that  the  two  formations  pass  into  each  other.  A  similar  passage 
is  observed  in  Central-Germany,  and  in  Thuringia  is  so  complete,  that 
the  coal-measures  have  sometimes  been  considered  as  subordinate  to 
the  todtliegendes.* 

Upon  such  evidence  and  such  arguments,  the  doctrine  of  catastro- 
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rejcctfid  with  Aome  cos  tempt  and  ndkrote;  amd  tt  wis  ^aio 
jat  ILg  operation  of  tbc  catueft  of  g^ld^cal  ch^gc  may  pio- 
1  philoaopLically  bo  hdd  to  luive  been  onifonn  through  ftU 
periods.  On  this  opialoiif  ftnd  tb«  gronnda  oq  which  U  hsi 
e<J,  we  shaiJ  make  a  ibw  ^Qdiadiiig  rtmarkf^ 
et  bo  ^nttid  at  once^  to  tho  adrocat««  of  tbia  goolo^cal 
ty,  that  we  are  not  arbitranlj  to  assumo  tho  existence  of 
►hes.  The  degree  of  unifonnity  ami  continuity  with  which 
ivo  foTcca  bavG  acted^  must  bo  ooliectod,  not  froni  Any  gntal* 
K^thosia^  but  from  tho  &cts  of  the  case*  Wc  nmst  snppoia 
3g  which  have  produced  geological  phenomena,  to  have  betn 
r  to  cxiating  cauaoe^  and  aa  diasimi^ar,  aa  the  etfecU  teHch  \a> 
to  avoid  all  biaa  i&  lAVor  of  powers  deviating  in  kind  ii&d 
x)mtbose  which  act  at  protect ;  a  bia^which^  Mr.  LyeH  a^&rt^ 
isivcly  prevailed  amopg  gcol^^ts* 

ben  Mn  Lyell  goe^  further,  and  conaiders  it  a  merit  in  aoomce 
ifical  speculation  that  it  rejects  any  difference  betwocn  the  io- 
f  existing  and  of  past  causes^  wo  conceive  that  he  em  no  )om 
S6  whom  bo  censures.  "  An  cant^t  ai\d  paiitni  tndeavor  to 
the  former  indication  of  change,^**  with  any  rc^tneted  cUa^ 
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In  tnith,  we  know  caoses  only  by  their  effects ;  and  in  order  to 
team  the  natore  of  the  causes  which  modify  the  earth,  we  mast  stady 
them  through  all  ages  of  their  action,  and  not  select  arbitrarily  the 
petiod  in  which  we  live  as  the  standard  for  all  other  epochs.  The 
fcroeB  which  have  produced  the  Alps  and  Andes  are  known  to  ns  by 
eqwfienc^  no  less  than  the  forces  which  have  raised  Etna  to  its  pre- 
sent height ;  for  we  learn  their  amount  in  both  cases  by  their  results. 
Whjf  then,  do  we  make  a  merit  of  using  the  latter  case  as  a  measure 
for  the  former  ?  Or  how  can  we  know  the  true  scale  of  such  force, 
except  by  comprehending  in  our  view  all  the  &cts  which  we  can  bring 
together? 

In  reality  when  we  speak  of  the  uniformity  of  nature,  are  we  not 
obliged  to  use  the  term  in  a  very  large  sense,  in  order  to  make  the 
doctrine  at  all  tenable  ?  It  includes  catastrophes  and  convulsions  of  a 
very  extensive  and  intense  kind ;  what  is  the  limit  to  the  violence 
which  we  must  allow  to  these  changes  ?  In  order  to  enable  ourselves 
to  represent  geological  causes  as  operating  with  uniform  energy  through 
all  time,  we  must  measure  our  time  by  long  cycles,  in  which  repose 
and  violence  alternate ;  how  long  may  we  extend  this  cycle  of  change, 
the  repetition  of  which  we  express  by  the  word  uniformity  ? 

And  why  must  we  suppose  that  all  our  experience,  geological  as 
wen  as  historical,  includes  more  than  one  such  cycle  ?  Why  must 
we  insist  upon  it,  that  man  has  been  long  enough  an  observer  to  obtain 
the  average  of  forces  which  are  changing  through  immeasurable  time? 


now  hi  progresB.'*  In  the  sixth  edition,  in  that  which  is,  I  preenme,  the  cor- 
responding  passage,  although  it  is  transferred  from  the  fourth  to  the  first  Book 
(Bw  i  e.  ziiL  p.  825)  he  recommendB,  instead,  ^*an  earnest  and  patient  inquiry 
how  far  geological  appearances  are  reconcileable  with  the  effect  of  changes 
now  in  progress."  But  while  Mr.  Lyell  has  thus  softened  the  advooate's  oharao- 
ter  in  his  langpiage  in  this  passage,  the  transposition  which  I  have  noticed 
appears  to  me  to  have  an  opposite  tendency.  For  in  the  former  edition,  the 
eanses  now  in  action  were  first  described  in  the  second  and  third  Books,  and 
the  great  problem  of  Geology,  stated  in  the  first  Book,  was  attempted  to  be 
K^ved  in  the  fourth.  But  by  incorporating  this  fourth  Book  with  the  first, 
and  thus  prefixing  to  the  study  of  existing  causes  arguments  against  the  belief 
of  their  geological  insufficiency,  there  is  an  appearance  as  if  the  author  wished 
his  reader  to  be  prepared  by  a  previous  pleading  against  the  doctrine  of  cata- 
strophes, before  he  went  to  the  study  of  existing  causes.  The  Docirinea  of  Cata- 
strophes and  of  Uniformity,  and  the  other  leading  questions  of  the  Palietiologi- 
eal  Sciences,  are  farther  disoussed  in  the  PAi/oMpAy  of  the  Inductive  SeieneeM, 
Bookx] 
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The  analogy  of  other  sciences  has  been  nCeired  to,  aa  amctiinnng 
this  attempt  to  refer  the  whole  train  of  fiMsts  to  known  causes.  To 
hare  done  this,  it  has  been  said,  is  the  gkny  of  Astronomy :  she  seeks 
no  hidden  yirtoes,  but  explains  all  by  Uie  fiorce  of  graritation,  wkidi 
we  witness  operating  at  every  moment  But  let  ns  ask,  whether  it 
would  really  have  been  a  merit  in  the  fimnders  of  Physical  Aatroaamy, 
to  assume  that  the  celestial  revolntions  resulted  from  anj  aelfisted 
class  of  known  causes?  When  Newton  first  attempted  to  ezphntte 
motions  of  the  moon  by  the  force  of  gravity,  and  frdled  becanaa  the 
measures  to  which  he  referred  were  erroneous,  would  it  hanrabseD 
philosophical  in  him,  to  insist  that  the  difference  which  he  found 
ought  to  be  overlooked,  since  otherwise  we  should  be  compelled  to  go 
to  causes  other  than  those  which  we  usually  witness  in  action  f  Or 
was  there  any  praise  due  to  those  who  assumed  the  celestial  forces  to 
be  the  same  with  gravity,  rather  than  to  those  who  assimilated  ^em 
with  any  other  known  force,  as  magnetism,  till  the  calculation  of  the 
laws  and  amount  of  these  ibrces,  from  the  celestial  phenomena,  had 
deariy  sanctioned  such  an  identification  9  We  are  not  to  select  s 
conclusion  now  well  proved,  to  persuade  ourselves  that  it  would  have 
been  wise  to  assume  it  anterior  to  proo(  and  to  attempt  to  philoso- 
phise in  the  method  thus  reconmiended. 

Again,  the  analc^  of  Astronomy  has  been  referred  to,  as  confirm- 
ing the  assumption  of  perpetual  uniformity.  The  analysis  of  the 
heavenly  motions,  it  has  been  said,  supplies  no  trace  of  a  beginning, 
no  promise  of  an  end.  But  here,  also,  this  analogy  is  erroneously 
applied*  Astronomy,  as  the  science  of  cyclical  motions,  has  nothing  in 
conmion  with  Geology.  But  look  at  Astronomy  where  she  has  an 
analogy  with  Geology ;  consider  our  knowledge  of  the  heavens  as  a 
pal«tiological  science ; — as  the  study  of  a  past  condition,  from  which 
the  present  is  derived  by  causes  acting  in  time.  Is  there  then  no  evi- 
dence of  a  beginning,  or  of  a  progress  ?  What  is  the  import  of  the 
Nebular  Hypothesis  ?  A  luminous  matter  is  condensing,  solid  bodies 
are  forming,  are  arranging  themselves  into  systems  of  cyclical  motion; 
in  short,  we  have  exactly  what  we  are  told,  on  this  analogy,  we  ought 
not  to  have ; — the  beginning  of  a  world.  I  will  not,  to  justify  this 
argument,  maintain  the  truth  of  the  nebular  hypothesis ;  but  if  geo- 
logists wish  to  borrow  maxims  of  philosophizing  from  astronomy,  such 
speculations  as  have  led  to  that  h3rpothesis  must  be  their  model 

Or,  let  them  look  at  any  of  the  other  provinces  of  palastiologieal 
speculation  ;  at  the  history  of  states,  of  civUiaation,  of  languages.  We 
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inaj  amaxae  some  rettmbkmee  or  connexion  between  the  prmcipleB 
wlueh  detennined  the  progress  of  goyemment,  or  ci  aociefyi  or  of 
fitentarey  in  the  earliest  ages,  and  those  which  now  operate;  but  who 
has  specolated  snceeasfiillj,  assuming  an  identify  of  snch  cansesf 
Wbere  do  we  now  find  a  hingnage  in  the  proeoss  of  formatioB^ 
imfoldtng  itself  in  inflexions,  terminations,  changes  of  vowebby  gram* 
matacai  relations,  snch  as  characterize  the  oldest  known  languages  f 
Where  do  we  see  a  notion,  by  its  natural  fiumlties,  inventing  writing, 
or  the  arts  of  life,  as  we  find  them  in  the  most  ancient  cirilixed 
BSBtioaDaf  We  may  assume  hypothetically,  that  man's  fiumlties 
dswd<9  themselves  in  these  ways ;  bnt  we  see  no  snch  eflbets  pro^ 
dneed  by  these  ftcnlties,  in  our  own  time,  and  now  in  progress,  with* 
ost  the  influence  of  foreigners. 

Is  it  not  dear,  in  all  these  cases,  that  history  does  not  exhibit  a 
series  of  cycles,  the  aggregate  of  which  may  be  represented  as  a  nni- 
farm  state,  without  indication  of  origin  or  termination  f  Does  it  not 
ralher  seem  evident  that,  in  reality,  the  whole  course  of  the  woild,  from 
the  earliest  to  the  present  times,  is  but  ons  cyde,  yet  nnfinished  ;— 
ofiering,  indeed,  no  clear  evidence  of  the  mode  of  its  beginning ;  but 
still  less  entitling  us  to  consider  it  as  a  repetition  or  series  of  repetitions 
of  what  had  gone  before  f 

Thus  we  find,  in  the  analogy  of  the  sdences,  no  confirmation  of  the 
doctrine  of  uniformity,  as  it  has  been  maintained  in  Geology.  Yet  we 
diseera,  in  this  analogy,  no  ground  for  resigning  our  hope,  that  fiiture 
reaearchei^  both  in  Geology  and  in  other  palastiological  sciences,  may 
throw  much  additional  light  on  the  question  of  the  nniform  or  cato- 
strc^hic  progress  of  things,  and  on  the  earliest  history  of  the  earth  and 
of  man.  But  when  we  see  how  wide  and  complex  is  the  range  of 
speculation  to  which  our  analogy  has  referred  us,  we  may  well  be  dis- 
posed to  pause  in  our  review  of  science ; — to  survey  fi-om  our  present 
position  the  ground  that  we  have  passed  over ; — and  thus  to  collect^ 
s6  fo  as  we  may,  guidance  and  encouragement  to  enable  us  to  advance 
in  the  track  which  lies  before  us. 

Before  we  quit  the  subject  now  nnder  consideration,  we  may,  how- 
ever, observe,  that  what  the  analogy  of  science  really  teaches  us,  as 
the  most  promising  means  of  promoting  this  science,  is  the  strenuous 
cultivation  of  the  two  subordinate  sciences.  Geological  Knowledge  of 
Facts,  and  Geological  Dynamics.  These  ore  the  two  provinces  of 
knowledge — corresponding  to  Phenomenal  Astronomy,  and  Mathema- 
tical Mechanics — ^which  may  lead  on  to  the  epoch  of  the  Newton  of 
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geology.  We  may,  iodeed,  readily  believe  that  we  have  mnch  to  do 
in  both  these  departments.  While  so  large  a  pcMrtion  of  the  ^obe  is 
geologically  miezplored; — while  all  the  general  Tiews  which  are  to 
extend  our  classifications  satis&ctorily  from  one  hemisphere  to  another, 
from  one  zone  to  another,  are  still  unformed ;  while  the  organic  fossils 
of  the  tropics  are  almost  unknown,  and  their  general  relation  to  the 
existing  state  of  things  has  not  even  been  conjectured ; — ^how  can  we 
expect  to  speculate  rightly  and  securely,  respecting  the  history  of  the 
whole  of  our  globe  9  And  if  Geological  Classification  and  DeacriptioD 
are  thus  imperfect,  the  knowledge  of  Geological  Causes  is  still  more  sa 
As  we  have  seen,  the  necessity  and  the  method  of  constructing  a  science 
of  such  causes,  are  only  just  beginning  to  be  perceived.  Here,  then, 
is  the  point  where  the  labors  of  geologbts  may  be  usefully  applied ; 
and  not  in  premature  attempts  to  decide  the  widest  and  abstrusest 
questions  which  the  human  mind  can  propose  to  itself. 

It  has  been  stated,"  that  when  the  Geological  Society  of  London 
was  formed,  their  professed  object  was  to  multiply  and  record  observa- 
tions, and  patiently  to  await  the  result  at  some  future  time ;  and  their 
fovorite  maxim  was,  it  is  added,  that  the  time  was  not  yet  come  for  a 
General  System  of  Geology.  This  was  a  wise  and  philosophical  tem- 
per, and  a  due  appreciation  of  their  position.  And  even  now,  their 
task  is  not  yet  finished ;  their  mission  is  not  yet  accomplished.  They 
have  still  much  to  do,  in  the  way  of  collecting  Facts;  and  in  entering 
upon  the  exact  estimation  of  Causes,  they  have  only  just  thrown  open 
the  door  of  a  vast  Labyrinth,  which  it  may  employ  many  generations 
to  traverse,  but  which  they  must  needs  explore,  before  they  can  pene- 
trate to  the  Oracular  Chamber  of  Truth. 


I  KKJoiCK,  on  many  accounts,  to  find  myself  arriving  at  the  termina- 
tion of  the  task  which  I  have  attempted.  One  reason  why  I  am  glad 
to  close  my  history  is,  that  in  it  I  have  been  compelled,  especially  in 
the  latter  part  of  my  labors,  to  speak  as  a  judge  respecting  eminent 
philosophers  whom  I  reverence  as  my  Teachers  in  those  very  sciences 
on  which  I  have  had  to  pronounce  a  judgment ; — if,  indeed,  even  the 
appellation  of  Pupil  be  not  too  presumptuous.  But  I  doubt  not  that 
such  men  are  as  fall  of  candor  and  tolerance,  as  they  are  of  knowledge 
and  thought    And  if  they  deem,  as  I  did,  that  such  a  history  of 
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science  ought  to  be  attemptedi  they  will  know  that  it  was  not  only  the 
historian's  privilege^  but  his  dafy,  to  estimate  the  import  and  amount 
of  the  advances  which  he  had  to  narrate ;  and  if  they  jndge,  as  I  trust 
they  willy  that  the  attempt  has  been  made  with  full  int<^ty  of  inten- 
tion and  no  want  of  labor,  they  will  look  npon  the  inevitable 
imperfections  of  the  execution  of  my  work  with  indulgence  and 
hope. 

There  is  another  source  of  satisfaction  in  arriving  at  this  point  of 
my  labors.  Tf,  after  our  long  wandering  through  the  region  of 
physical  science,  we  were  left  with  minds  unsatisfied  and  unraised,  to 
askf  "  Whether  this  be  all  ?" — our  employment  might  well  be  deemed 
weary  and  idle.  If  it  appeared  that  all  the  vast  labor  and  intense 
thonght  which  has  passed  under  our  review  had  produced  nothing  but 
a  baxren  Knowledge  of  the  external  world,  or  a  few  Arts  ministering 
merely  to  our  gratification;  or  if  it  seemed  that  the  methods  of 
arriving  at  truth,  so  successfully  applied  in  these  cases,  aid  us  not 
when  we  come  tp  the  higher  aims  and  prospects  of  our  being ; — this 
History  might  well  be  estimated  as  no  less  melancholy  and  unprofit- 
able than  those  which  narrate  the  wars  of  states  and  the  wiles  of 
statesmen.  But  such,  I  trust,  is  not  the  impression  which  our  survey 
has  tended  to  produce.  At  various  points,  the  researches  which  we 
have  followed  out,  have  offered  to  lead  us  from  matter  to  mind,  from 
the  external  to  the  internal  world ;  and  it  was  not  because  the  thread 
of  investigation  snapped  in  our  hands,  but  rather  because  we  were 
resolved  to  confine  ourselves,  for  the  present,  to  the  material  sciences, 
that  we  did  not  proceed  onwards  to  subjects  of  a  closer  interest.  It 
will  appear,  also,  I  trust,  that  the  most  perfect  method  of  obtaining 
speculative  truth, — that  of  which  I  have  had  to  relate  the  result, — is 
by  no  means  confined  to  the  least  worthy  subjects ;  but  that  the 
Methods  of  learning  what  is  really  true,  though  they  must  assume 
different  aspects  in  cases  where  a  mere  contemplation  of  external 
objects  is  concerned,  and  where  our  own  internal  world  of  thought, 
feeling,  and  will,  supplies  the  matter  of  our  speculations,  have  yet 
a  nnity  and  harmony  throughout  all  the  possible  employments  of  our 
minds.  To  be  able  to  trace  such  connexions  as  this,  is  the  proper 
sequel,  and  would  be  the  high  reward,  of  the  labor  which  has  been 
bestowed  on  the  present  work.  And  if  a  persuasion  of  the  reality  of 
such  connexions,  and  a  preparation  for  studpng  them,  have  been  con- 
veyed to  the  reader^s  mind  while  he  has  been  accompanying  me 
through  our  long  survey,  his  time  may  not  have  been  employed  on 
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BOOK    VIII 

ACOUSTICS. 

CHAPTER  m. 
Sound. 


The  Velocity  of  Sound  in  Water. 

rDS  Science  of  which  the  history  is  narrated  in  this  Book  has  for 
its  objects^  the  minute  Vibrations  of  the  parts  of  bodies  such  as 
those  by  which  Sounds  are  produced,  and  the  properties  of  Sonnd& 
The  Vibrations  of  bodies  are  the  result  of  a  certain  tension  of  their 
structure  which  we  term  Elasticity,  The  Elasticity  determines  the  rate 
of  Vibration :  the  rate  of  Vibration  determines  the  audible  note :  the 
Elasticity  determines  also  the  velocity  with  which  the  vibration  travels 
through  the  substance.  These  points  of  the  subject^  Elasticity,  Bate 
of  Vibration,  Velocity  of  Propagation,  Audible  Note,  are  connected  in 
each  substance,  and  are  different  in  different  substances. 

In  the  history  of  this  Science,  considered  as  tending  to  a  satisfiictoiy 
general  theory,  the  Problems  which  have  obviously  offered  themselves 
were,  to  explain  the  properties  of  Sounds  by  the  relations  of  theur 
constituent  vibrations ;  and  to  explain  the  existence  of  vibrations  by 
the  elasticity  of  the  substances  in  which  they  occurred :  as  in  Opticfl» 
philosophers  have  explained  the  phenomenon  of  light  and  colors  by 
the  TJndulatory  Theory,  and  are  still  engaged  in  explaining  the  requi- 
site modulations  by  means  of  the  elasticity  of  the  Ether.  But  the 
Undulatory  Theory  of  Sound  was  seen  to  be  true  at  an  early  period 
of  the  Science :  and  the  explanation,  in  a  general  way  at  least,  of  all 
kinds  of  such  undulations  by  means  of  the  elasticity  of  the  vibrating 
substances  has  been  performed  by  a  series  of  mathematicians  of  whom 
I  have  given  an  account  in  this  Book.  Hence  the  points  of  the  sub- 
ject already  mentioned  (Elasticity,  Vibrations  and  Uieir  Propagations, 
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bavc  ft  known  material  depofidence,  and  each  may  bo  emr  j 
dttermining  the  other:   ibr  iiiataucc,  iha  Note  may  be' 
in  determining  the  velocity  of  sound  and  the  elasticity  of 
ng  substance* 

}  and  tho  Webers,'  had  made  valnable  experimctiial  iqgtii- 
h  subjects.  But  moTQ  complete  invc&tJgalions  of  this  kind 
conducted  with  care  and  akill  by  M.  Wertheim/  For  in- 
has  detennined  the  velocity  with  which  Bound  travels  iti 
making  an  oi^u-pipe  to  sound  by  the  passage  of  waller 
.  Tbis  k  a  matter  of  some  difficulty ;  for  ttie  mouthpifiot 
ii-pipc,  if  it  be  not  properly  and  cai^ftilly  constnictod,  p«i* 
ids  of  its  own»  which  an?  not  the  genuine  musical  note  of 
And  though  tbe  note  depends  mainly  upon  the  ienglh  of 
t  depends  also,  in  a  sm^  degree,  on  the  brotdth  of  Hm 
he  size  of  the  monthpiece, 

ipc  were  ft  mere  line,  the  timo  of  a  vibration  would  b«  tli« 
hieh  a  vibration  traveU  from  on  a  end  of  the  pipe  to  th« 
1  thus  the  not^j  for  a  given  length  (wbieh  is  dctomined  by 
of  \nbraUon)i  is  connected  with  tbe  velocity  of  vibration* 
Hind  timt  the  velocity  of  a  vibration  along  Uie  pipe  in  «a- 

1  KT    *<rtM^4iyiii  T^rt*  ffArtn^m 
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Photo^apky. 

IHAYEy  at  the  end  of  Chapter  xi^  stated  that  the  theory  of  which 
I  haTe  endeavored  to  sketch  the  history  professes  to  explain  only 
the  phenomena  of  radiant  visible  light ;  and  that  though  we  know 
that  light  has  other  properties — for  instance,  that  it  produces  chemical 
effects — these  are  not  contemplated  as  included  within  the  domain  of 
the  theory.  The  chemical  effects  of  light  cannot  as  yet  be  included 
in  exact  and  general  truths,  such  as  those  which  constitute  the  unda- 
Jatory  theory  of  radiant  visible  light.  But  though  the  present  age 
has  not  yet  attained  to  a  Science  of  the  chemistry  of  Light,  it  ha8 
been  enriched  with  a  most  exquisite  Art,  which  involves  the  principles 
of  such  a  science,  and  may  hereafter  be  made  the  instrument  of  bring- 
ing them  into  the  view  of  the  philosopher.  I  speak  of  the  Art  of 
Photography,  in  which  chemistry  has  discovered  the  means  of  pro- 
ducing surfaces  almost  as  sensitive  to  the  modifications  of  light  as  tJie 
most  sensitive  of  organic  textures,  the  retina  of  the  eye :  and  has 
given  permanence  to  images  which  in  the  eye  are  only  momentary 
impressions.  Hereafter,  when  the  laws  shall  have  been  theoretically 
established,  which  connect  the  chemical  constitution  of  bodies  with 
the  action  of  light  upon  them,  the  prominent  names  in  the  Prelude  to 
sach  an  Epoch  must  be  those  who  by  their  insight^  invention,  and 
perseverance,  discovered  and  carried  to  their  present  marvellous  p«^ 
fection  the  processes  of  photographic  Art : — Niepce  and  Daguerre  in 
France,  and  our  own  accompli^ed  countryman,  Mr.  Fox  Talbot. 

Fluore9cence. 

As  already  remarked,  it  is  not  within  the  province  of  the  undulatory 
theory  to  explain  the  phenomena  of  the  absorption  of  light  which  take 
place  in  various  ways  when  the  light  is  transmitted  through  Yarioiis 
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I  hare,  at  the  end  of  Chapter  iii,  given  the  rcftson^  whicb 
'  a£5ctiUiig^  to  the  assertion  of  a  special  anatyais  of  light  bj 
In  the  saniG  manner,  with  regard  to  other  effectfi  pro- 
ledia  upon  light,  it  is  suflicient  for  the  defence  of  the  tbeorr 
lid  he  eonaifltent  with  the  po&aibility  of  tlio  laws  of  phcno- 
h  are  observed,  not  that  it  ehould  explain  those  lawa;  for 
f,  apparently,  to  another  province  of  philosophy, 
f  the  optical  properties  of  bodies  which  have  recently 
otice  appear  to  be  of  thia  kind.  It  was  noticed  by  Sir  John 
that  a  certain  liqnid,  aulpLate  of^jninine,  which  ia  under  com* 
cmtaaces  colorless,  exhibita  m  certain  aspects  and  nnder  ocT<- 
icee  of  light,  a  beantifcd  eclcetial  blue  colon  It  appeared 
dor  proceeded  from  the  surface  on  which  the  light  first  fell ; 
thus  produced  Sir  J,  Herschel  called  epipolk  colors^  ami 
tie  light  aa  eptpoiUt^.  Sir  David  BrewAter  liad  preriomtf 
ts  of  color  in  tran^paront  bodies  which  he  aacribed  to  tQtCf^ 
ion  :*  and  he  ooncctv^  that  Uie  colora  observed  by  Sir  J. 
rore  of  the  same  clasa,  Fjofeswor  StokeB'  of  Cambridge 
isOiU  to  the  examination  of  theoe  phenomtinar  And  vraa  InI 
riction  that  they  arise  from  a  power  whi<di  onrt^ia  boddts 


_#   _^  .  iktl*^ 
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of  eolor  in  a  pure  qMctrom;  bat  this  I  bdieve  to  be  a  sabjectiTe  phe- 
nomenon depending  npon  contrast" 


CHAPTER  Xm. 
TThdulatobt  Thxobt. 


IHreetim  rf  the  TroMver^e  Vibrations  in  Pohrimtion. 

r\  the  condosion  of  Ohaptw  ziiL  I  have  stated  that  there  is  a  point 
in  the  nndolatory  theory  which  was  r^arded  as  left  undecided  by 
Tonng  and  Fresnel^  and  on  which  the  two  different  opinions  hare  been 
maintained  by  different  mathematicians;  namely,  whether  the  Tibra- 
tiona  of  polarised  light  are  perpendicnlar  to  the  plane  of  polaiisaticm 
or  in  that  plane.  Professor  Stokes  of  Cambridge  has  atten^ted  to 
sc^re  this  qoestion  in  a  manner  which  is,  theoretically,  exceedingly 
ii^^enions,  thongh  it  is  difficult  to  make  the  requisite  eiperiments  in  a 
decisiTe  manner.    The  method  may  be  briefly  described. 

If  polarised  light  be  diffracted  (see  Chap.  xL  sect  2),  each  ray  will  be 
bent  firom  its  position,  but  will  still  be  polarized.  The  original  ray  and 
the  diffiracted  ray,  thus  fonning  a  broken  line,  may  be  supposed  to  be  oon- 
neeted  at  the  angle  by  a  uniTersal  joint  (called  a  HookeU  JoitU\  such 
tiial  when  the  original  ray  turns  about  its  axis,  the  diffracted  lay  also 
turns  about  its  axis;  as  in  the  case  of  the  long  handle  of  a  telescope 
and  the  screw  which  is  turned  by  it  Now  if  ihe^motion  of  the  origi- 
nal lay  round  its  axis  be  uni£[>rm,  the  motion  of  the  diffracted  ray 
round  its  axis  is  not  uniform :  and  hence  i^  in  a  series  of  cases,  the 
planes  of  polarijEation  of  the  original  ray  differ  by  equal  angles,  in  the 
diffiracted  ray  the  planes  of  polarization  will  differl^^  unequal  an{^ 
Then  if  vibrations  be  perpendicular  to  the  plane  of  polarisation,  the 
planes  of  polarization  in  the  diffracted  rays  will  be  crowded  together 
in  the  neighborhood  of  the  plane  in  which  the  difi&action  takes  place, 
and  will  be  more  rarely  distributed  in  the  neighborhood  of  the  plane 
perpendicular  to  this,  in  which  is  the  diffracting  thread  or  groove. 

On  making  the  experiment,  ProL  Stokes  conceived  that  he  found, 
in  his  experiments,  such  a  crowding  of  the  planes  of  diffracted  polari- 
sation towards  the  plane  of  diffraction ;  and  thna  he  held  that  the 


1 


ADDmOKS. 


G  tbat  the  transverse  vibrations  which  constitute  polftrutation 
ndicularly  transverse  to  the  plane  of  polariaatioa  was  coit» 

\  Holtzmann,'  who,  assenting  to  the  reasoning,  has  made  tJu 
it  in  a  somewhat  different  manner,  has  obtained  an  oj^ortta 
>  that  the  point  may  be  regarded  as  BttU  donbtM. 


Final  DUproof  of  tho  Erttimoh  Tkeary. 

ave  eUted  in  the  Hietoiy,  we  cannot  propeHy  eay  that  there 
an  Emission  Theory  of  Light  whkb  was  the  rival  of  the 
ry  Theory  :  for  while  the  nndulatory  theory  provi<]od  eipla- 
f  new  clasfics  of  phenomena  as  fa*t  ae  tijey  arose,  and  eihi- 
mstiienct  of  theories  in  these  explanations,  the  hypothesis  of 
>article3  required  new  machinery*  for  every  new  set  of  &eli^ 
censed  to  be  capable  even  of  expressing  the  fiietsv  The  buh- 
of  the  ordinary  reflexion  and  refraction  of  light  were  explained 
m  on  the  Bnpposition  that  the  transmission  of  light  ia  the 
r particles:  r\nd  though  his  explanation  inclndes  a  somewhjit 
omption  (that  a  Tefi:actii)g  surface  exercises  ad  attradive  forec 


OFTI08.  605 

be  done.  His  object  was  to  determine  the  velocity  of  the  electric 
shock.  His  apparatus  consisted  in  a  small  mirror,  turning  with  great 
velocity  about  an  axis  which  is  in  its  own  plane,  like  a  coin  spinning 
on  its  edge.  The  velocity  of  spinning  may  be  made  so  great,  that  an 
object  reflected  shall  change  its  place  perceptibly  after  an  almost  incon- 
ceivably small  fraction  of  a  second.  The  application  of  this  contri- 
vance to  measure  the  velocity  of  light,  was,  at  the  suggestion  of  Arago, 
who  had  seen  the  times  of  the  rival  theories  of  light,  undertaken  by 
younger  men  at  Paris,  his  eyesight  not  allowing  him  to  prosecute  such 
a  task  himsel£  It  was  necessary  that  the  mirrors  should  turn  more  than 
1000  times  in  a  second,  in  order  that  the  two  images,  produced,  one 
by  light  coming  through  air,  and  the  other  by  light  coming  through 
an  equal  length  of  water,  should  have  places  perceptibly  different. 
The  mechanical  difficulties  of  the  experiment  consisted  in  keeping  up 
this  great  velocity  by  the  machinery  without  destroying  the  machinery, 
and  in  transmitting  the  light  without  too  much  enfeebling  it  These 
difficulties  were  overcome  in  1850,  by  M.  Fizeau  and  M.  L^on  Foucanlt 
separately :  and  the  result  was,  that  the  velocity  of  light  was  found  to 
be  less  in  water  than  in  air.  And  thus  the  Newtonian  explanation  of 
refraction,  the  last  remnant  of  the  Emission  Theory,  was  proved  to  be 
Mse. 


BOOK  X- 


THEBMOXIOBl— ATMOLOGT. 
CHAPTER  in. 

TbM  RKiATIOK  09  VAPOUB-Aim  Atsu 


Sect.  4.— Farce  qf  Steam. 

niHE  experiments  on  the  elastic  force  of  steam  made  by  the  IVench 
-L  Academy  are  fitted  in  an  especial  manner  to  decide  the  question 
between  riyal  formnl»,  in  consequence  of  the  great  amount  of  force  to 
which  they  extend ;  namely,  60  feet  of  mercury,  or  24  atmospheres : 
for  formulffi  which  give  results  almost  indistingoishable  in  the  lower 
part  6f  the  scale  diverge  widely  at  those  elevated  points.  Mr.  Waters- 
ton*  has  reduced  both  these  and  other  experiments  to  a  role  in  the 
following  manner  : — He  takes  the  zero  of  gaseous  tension,  determined 
by  other  experimenters  (Rudberg,  Magnus,  and  Regnault,)  to  be  461® 
below  the  zero  of  Fahrenheit,  or  274°  below  the  zero  of  the  centigrade 
scale :  and  temperatures  reckoned  from  this  zero  he  calls  "  G  tempera- 
tures." The  square  root  of  the  Q  temperatures  is  the  element  to  which 
the  elastic  force  is  referred  (for  certain  theoretical  reasons),  and  it  is  found 
that  the  density  of  steam  is  as  the  sixth  power  of  this  element  The 
agreement  of  this  rule  with  the  special  results  is  strikingly  close.  A 
like  rule  was  found  by  him  to  apply  generally  to  many  other  gases  in 
contact  with  their  liquids. 

But  M.  Regnault  has  recently  investigated  the  subject  in  the  most 
complete  and  ample  manner,  and  has  obtained  results  somewhat 
different.'    He  is  led  to  the  conclusion  that  no  formula  proceeding  by 


*  PhU,  TVam.  1862. 

*  Mim,  de  rirutiiut,  vol  zzi  (1847).    M.  Begnanlfs  Memoir  oeenpiei  767 
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%  power  of  the  temperature  can  represeiit  the  experiments.  He  aho 
finds  that  the  role  of  Dalton  (that  as  the  temperatmres  increase  in 
arithmetical  progression,  the  elastic  force  increases  in  geometric  pro- 
gression) deviates  from  the  observations,  especially  at  high  temperatnieii 
Dalton's  mle  wonld  be  expressed  by  saying  that  the  variable  part  of 
the  elastic  force  is  as  a\  where  t  is  the  temperature.  This  &iling,  M. 
Renault  makes  trial  of  a  formula  suggested  by  M.  Biot,  consisting  of 
a  sum  of  two  terms,  one  of  which  is  as  o^,  and  the  other  as  ^ :  and  in 
this  way  satisfies  the  experiments  very  closely.  But  this  can  only  be 
considered  as  a  formula  of  interpolation,  and  has  no  tjbeoretical  basis. 
M.  Roche  had  proposed  a  formula  in  which  the  force  is  as  a*,  z  depend- 
ing upon  the  temperature  by  an  equation*  to  which  he  had  been  led 
by  theoretical  considerations.  This  agrees  better  with  observatiim  than 
any  other  formula  which  includes  only  the  same  number  of  coefiSr 
dents. 

Among  the  experimental  thermotical  laws  referred  to  by  M.  Reg- 
nault  are,  the  Law  of  Watt,*  that  **  the  quantity  of  heat  which  is  requir- 
ed to  convert  a  pint  of  water  at  a  temperature  of  zero  into  steam,  is  the 
same  whatever  be  the  pressure.''  Also,  the  Law  of  Southern,  that  ^the 
latent  heat  of  vaporization,  that  is  the  heat  absorbed  in  the  passage 
from  the  liquid  to  the  gaseous  consistence,  is  constant  for  all  purposes : 
and  that  we  obtain  the  total  heat  in  adding  to  the  constant  latent  heat 
the  number  which  represents  the  latent  heat  of  steam."  Southern 
found  the  latent  heat  of  the  steam  of  water  to  be  represented  by  about 
950  degrees  of  Fahrenheit.* 

Sect,  5. — Temperature  of  the  Atmosphere. 

I  icAT  notice,  as  important  additions  to  our  knowledge  on  this  subject, 
the  results  of  four  balloon  ascents  made  in  1852,*  by  the  Committee  of 
theMeteorological  Observatory  established  atEewby  the  British  Associa- 
tion for  the  Advancement  of  Science.  In  these  ascents  the  observers 
mounted  to  more  than  13,000, 18,000,  and  19,000  feet»  and  in  the  last  to 
22,370;  by  which  ascent  the  temperature  fell  from  49  degrees  to 
nearly  10  degrees  below  zero ;  and  the  dew-point  fell  from  37^  to  12^. 
P^haps  the  most  marked  result  of  these  observations  is  the  following : — 


•  The  equation  x  =  fTnu' 

^  See  Robiflon's  Mechankal  Fhilo9opky,  roL  ii  p.  8. 

*  IK  p.  160.  *  PhU,  Trm$.  186S. 
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Hie  temperatttre  of  the  air  decreaaes  aiufi>iml7  as  we  ascend  above 
the  earth's  sorfiice ;  but  this  decrease  does  not  go  on  continnoiisly.  At 
a  certain  elevation,  varying  on  different  days,  the  decrease  is  arrested; 
and  for  a  depth  of  two  or  three  thousand  feet  of  air,  the  temperature 
decreases  little,  or  even  increases  in  ascending.  Above  this,  the  dimi- 
nntion  again  takes  pU(^  at  nearly  the  same  rate  as  in  the  lower  re- 
gions. This  intermediate  region  of  nndecreasing  temperature  extended 
in  the  various  ascents,  from  about  altitude  4000  to  6000  feet,  6500  to 
10,000,  2000  to  4500,  and  4000  to  8000.  This  interruption  in  the 
decrease  of  temperature  is  accompanied  by  a  large  and  abrupt  M  in 
the  temperature  of  the  dew-point,  or  by  an  actual  condensation  of 
vapor.  Thus,  this  region  is  the  region  of  the  chudi,  and  the  increase 
of  heat  appears  to  arise  from  the  latent  heat  liberated  when  aqueous 
vapor  is  formed  into  clouds. 


CHAPTER  IV. 

Thborisb  of  Heat. 


The  Dynamical  Theory  of  Heat, 

THAT  the  transmission  of  radiant  Heat  takes  place  by  means  of 
the  vibrations  of  a  medium,  as  the  transmission  of  Sound  certainly 
docs,  and  the  transmission  of  Light  most  probably,  is  a  theory  which, 
as  I  have  endeavored  to  explain,  has  strong  arguments  and  analogies 
in  its  &vor.  But  that  Heat  itself,  in  its  essence  and  quantity,  is  Motion, 
is  a  hypothesis  of  quite  another  kind.  This  hypothesis  has  been 
recently  asserted  and  maintained  with  great  ability.  The  doctrine 
thus  asserted  is,  that  Motion  may  be  converted  into  Heat,  and  Heat 
into  Motion ;  that  Heat  and  Motion  may  produce  each  other,  as  we 
see  in  the  rarefaction  and  condensation  of  air,  in  steam-engines,  and 
the  like :  and  that  in  all  such  cases  the  Motion  produced  and  the  Heat 
expended  exactly  measure  each  other.  The  foundation  of  this  theory 
is  conceived  to  have  been  laid  by  Mr.  Joule  of  Manchester,  in  1844 ; 
and  it  has  since  been  prosecuted  by  him  and  by  Professor  Thomson  of 
Glasgow,  by  experimental  investigations  of  various  kinds.  It  is  diflS- 
cult  to  make  these  experiments  so  as  to  be  quite  satis&ctory ;  for  it  is 
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difficult  to  measure  all  the  heat  gained  or  lost  in  any  of  the  changes 
here  contemplated.  That  friction,  agitation  of  fluids,  condensation  of 
gases,  conversion  of  gases  into  floids  and  liquids  into  solids,  produce 
heat»  is  undoubted :  and  that  the  quantity  of  such  heat  may  be  mea- 
sured by  the  mechanical  Ibroa  which  produces  it,  or  which  it  produces, 
is  a  generalization  which  will  very  likely  be  found  a  fertile  source  of 
new  propositions,  and  probably  of  important  consequences. 

As  an  example  of  the  conclusions  which  Professor  Thomson  draws 
from  this  doctrine  of  the  mutual  conversion  of  motion  and  heat,  I  may 
mention  his  speculations  concerning  the  cause  which  produces  and  sus- 
tains the  heat  of  the  sun.'  He  conceives  that  the  support  of  the  soUur 
heat  must  be  meteoric  matter  which  is  perpetually  flEdling  towards  the 
globe  of  the  sun,  and  has  its  motion  converted  into  heat.  He  inclines 
to  think  that  the  meteors  containing  the  stores  of  energy  for  future 
Sun-light  must  be  principally  within  the  earth's  orbit ;  and  that  we 
actually  see  them  there  as  the  ^  Zodiacal  Lights"  an  illuminated  shower, 
or  rather  tornado,  of  stones.  The  inner  parts  of  this  tornado  are 
always  getting  caught  in  the  Sun's  atmosphere,  and  drawn  to  his  mass 
by  gravitation. 


'  On  the  Heehanical  Energies  of  the  Solar  System.    Edinb,  7\rasu.  vol  zzi 
partl(18M),p.67. 
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GENERAL  REMAI1K9. 


'RICITY  in  the  form  in  wMch  it  waa  origiimlly  Btadied— 
klinic,  frictional,  or  atatical  electricity — Las  been  so  cotn- 
lentified  with  electricity  in  iu  more  comprehianaive  form-- 
chemieft],  or  dynnmical  eJeotncity — that  any  additioua  we 
ve  to  make  to  the  history  of  the  earlier  form  of  the  sabject 
ied  In  tbe  later  acienee. 
are,  however^  several  subject*  wbicH  may  still  bo  regard tnl 
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deflect  a  magnet,  to  make  a  magnet,  to  decompose  water,  and  to  pro*- 
dace  a  spark. 

Dt.  Faradatfa  Viewi  of  Statical  Electric  Induction. 

According  to  the  theories  of  electricity  of  JS^inns  and  Conlombi 
which  in  this  Book  of  onr  History  are  regarded  as  constituting  a  main 
part  of  the  progress  of  this  portioA  of  science,  the  particles  of  the 
electric  flnid  or  fluids  exert  forces,  attractive  and  repulsive,  upon  each 
other  in  straight  lines  at  a  distance,  in  the  same  way  in  which,  in  the 
Newtonian  theory  of  the  universe,  the  particles  of  matter  are  con- 
ceived as  exerting  attractive  forces  upon  each  other.  An  electrized 
body  presented  a  conducting  body  of  any  form,  determines  a  new 
arrangement  of  the  electric  fluids  in  the  conductor,  attracting  the  like 
fluid  to  its  own  side,  and  repelling  the  opposite  fluid  to  the  opposite 
ade.  This  is  Electrical  Induction.  And  as,  by  the  theory,  the  at- 
traction is  greater  at  the  smaller  distances,  the  distribution  of  the  fluid 
upon  the  conductor  in  virtue  of  this  Induction  will  not  be  symmetri- 
cal, but  will  be  governed  by  laws  which  it  will  require  a  complex  and 
difficult  calculation  to  determine — as  we  have  seen  was  the  case  in  the 
investigations  of  Coulomb,  Poisson,  and  others. 

Instead  of  this  action  at  a  distance,  Dr.  Faraday  has  been  led  to 
conceive  Electrical  Induction  to  be  the  result  of  an  action  taking  place 
between  the  electrized  body  and  the  conductor  through  lines  of  con- 
tiguous particles  in  the  mass  of  the  intermediate  body,  which  he  calls 
the  Dielectric.  And  the  irregularities  of  the  distribution  of  the  elec- 
tricity in  these  cases  of  Induction,  and  indeed  the  existence  of  an 
action  in  points  protected  from  direct  action  by  the  protuberant  sides 
of  the  conductor,  are  the  causes,  I  conceive,  which  lead  him  to  the 
conclusion  that  Induction  takes  place  in  curved  lines^  of  such  contigu- 
ous particles. 

With  reference  to  this,  I  may  remark  that,  as  I  have  said,  the  dis- 
tribution of  electricity  on  a  conductor  in  the  presence  of  an  electrized 
body  is  so  complex  a  mathematical  problem  that  I  do  not  conceive 
any  merely  popular  way  of  regarding  the  result  can  entitie  us  to  say, 
that  the  distribution  which  we  flnd  cannot  be  explained  by  the  Con- 
lombian  theory,  and  must  force  us  upon  the  assumption  of  an  action 
in  carved  lines : — which  is,  indeed,  itself  a  theory,  and  so  vague  a  one 
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that  it  requires  to  be  made  much  more  precise  befcwe  we  can  aay 
what  consequences  it  does  or  does  not  lead  to.  Professor  W.  Thomaoo 
has  arrived  at  a  mathematical  proof  that  the  effect  of  induction  on  the 
view  of  Coulomb  and  of  Faraday  must,  under  certain  conditions,  be 
necessarily  and  uniyersally  the  same. 

With  regard  to  the  influence  of  different  Dielectrics  upon  InductioD, 
the  inquiry  iq^pears  to  be  of  the  highest  importance ;  and  may  cer- 
tainly neeesfiitate  some  addition  to  the  theory. 
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Recent  Progress  of  Terrestrial  Magnetism, 

F\  Chapter  II.,  I  have  noticed  the  history  of  Terrestrial  Magnetism; 
Hansteen's  map  published  in  1819;  the  discovery  of  **  magnetic 
storms''  abont  1825;  the  chain  of  associated  magnetic  observations, 
suggested  by  M.  de  Humboldt,  and  promoted  by  the  British  Associa- 
tion and  the  Royal  Society ;  the  demand  for  the  continuation  of  these 
till  1848;  the  magnetic  observations  made  in  several  voyages;  the 
magnetic  surveys  of  various  countries.  And  I  have  spoken  also  of 
Gauss's  theory  of  Terrestrial  Magnetism,  and  his  directions  and  re- 
quirements concerning  the  observations  to  be  made.  I  may  add  a  few 
words  with  regard  to  the  more  recent  progress  of  the  subject 

The  magnetic  observations  made  over  large  portions  of  the  Earth's 
surface  by  various  persons,  and  on  the  Ocean  by  British  officers,  have 
been  transmitted  to  Woolwich,  where  they  have  been  employed  by 
General  Sabine  in  constructing  magnetic  maps  of  the  Earth  for  the* 
year  1840.*  Following  the  course  of  inquiry  described  in  the  parted 
the  history  referred  to,  these  maps  exhibit  the  declination,  inclination, 
and  intensity  of  the  magnetic  force  at  every  point  of  the  earth's  sur- 
face. The  curves  which  mark  equal  amounts  of  each  of  these  three 
elements  (the  lines  of  equal  declination^  inclinationj  and  force : — the 
isogonal^  the  isoclinal,  and  the  isodynamic  lines,)  are,  in  their  general 
form,  complex  and  irregular ;  and  it  has  been  made  a  matter  of  ques- 
tion (the  facts  being  agreed  upon)  whether  it  be  more  proper  to  say 
that  they  indicate  four  poles,  as  Halley  and  as  Hansteen  said,  or  only 
two  poles,  as  Gauss  asserts.  The  matter  appears  to  become  more  clear 
if  we  draw  magnetic  meridians  ;  that  is,  lines  obtained  by  following 
the  directions,  or  pointings,  of  the  magnetic  needle  to  the  north  or  to 


'  These  inape  are  published  in  Mr.  Keith  Johnstone's  Phyncal  Atloi, 
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the  south,  till  we  arrive  at  the  points  of  oonvargence  of  all  their 
directions ;  for  there  are  only  two  tttch  poles,  one  in  the  Arctic  and 
one  in  the  Antarctic  region*  But  in  consequence  of  the  irr^nlarity 
of  the  magnetic  constitution  of  the  earth,  if  we  follow  the  inclination 
of  the  magnetic  force  round  the  earth  on  anj  parallel  of  latitude,  we 
find  that  it  has  two  maxima  and  two  minima,  as  if  there  were  four 
magnetic  poles.  The  isodynamic  map  is  a  new  presentation  of  the 
Ikcts  of  tiiis  subject ;  the  first  having  been  constructed  by  Gdond 
Sabme  in  1887. 

I  have  stated  also  diat  the  magnetic  elements  at  each  plaoe  are  to 
be  observed  in  such  a  manner  as  to  bring  into  view  both  their  penodt- 
calf  their  secular,  and  their  irregular  or  ocea»i<mal  changes.  The  ob- 
servations made  at  Toronto  in  Canada,  and  at  Hobart  Town  in  Van 
Diemen's  Land,  two  stations  at  equal  distances  from  the  two  poles  of 
the  earth,  and  also  at  St.  Helena,  a  station  within  the  tropica,  have 
been  discussed  by  General  Sabine  with  great  care,  and  with  an  amount 
of  labor  approaching  to  that  employed  upon  reductions  of  astro- 
nomical observations.  And  the  results  have  been  curious  and  unex- 
pected. 

The  declination  was  first  examined.*  This  magnetical  element  is, 
as  we  have  already  seen  (p.  232),  liable  both  to  a  diurnal  and  to  an 
annual  inequality ;  and  also  to  irregular  perturbations  which  have  been 
termed  magnetic  stonns.  Now  it  was  found  that  all  these  inequalities 
went  on  increasing  gradually  and  steadily  from  1843  to  1848,  so  as 
to  become,  at  the  end  of  that  time,  above  twice  as  large  as  they  were 
at  the  beginning  of  it  A  new  periodical  change  in  all  these  elements 
appeared  to  be  clearly  established  by  this  examination.  M.  Lament, 
of  Munich,  had  ahready  remarked  indications  of  a  decennial  period  in 
the  diurnal  variation  of  the  declination  of  the  needle.  The  duration 
of  the  period  from  minimum  to  maximum  being  about  five  years, 
and  therefore  the  whole  period  about  ten  years.  The  same  conclusion 
was  found  to  follow  still  more  decidedly  from  the  observations  of  the 
dip  and  intensity. 

Hiis  period  of  ten  yeais  had  no  fiuniliar  meaning  in  astronomy ;  and 
if  none  such  had  been  found  for  it,  its  occurrence  as  a  magnetic  period 
must  have  been  r^;arded,  as  General  Sabine  says,'  in  the  light  of  a 
ftagmentary  fiict.  But  it  happened  about  this  time  that  the  scientific 
world  was  made  aware  of  the  existence  of  a  like  period  in  a  pheno* 
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meiion  which  no  one  would  hare  gaessed  to  be  connected  with  tenet* 
trial  magnetism,  namely,  the  qpots  in  the  Son.  M.  Schwabe,  of 
DeMan,  had  observed  the  Sun's  disk  with  immense  perseverance  for 
24  years : — often  examining  it  more  than  800  days  in  the  year ;  and 
had  found  that  the  spots  had,  as  to  their  quantity  and  frequency,  a 
peiiodical  character.  The  years  of  maximum  are  1828, 1838, 1848, 
in  which  there  were  respectively  225,^  282,  880  groups  of  spots.  The 
minimum  years,  1888, 1848,  had  only  ZZ  and  84  such  groups.  This 
eurioua  fiust*  was  first  made  public  by  M.  de  Humboldt,  in  the  third 
Tolnme  of  his  JToamoa  (1850).  The  coincidence  of  the  periods  and 
qpochs  of  these  two  classes  of  &ct8  was  pointed  out  by  General 
Sabine  in  a  Memoir  presented  to  the  Royal  Society  in  March,  1852. 

Of  course  it  was  natural  to  suppose,  even  before  this  discovery,  that 
the  diurnal  and  annual  inequalities  of  the  magnetic  element  at  each 
place  depend  upon  the  action  of  the  sun,  in  some  way  or  other. 

Dr.  Faraday  had  endeavored  to  point  out  how  the  effect  of  the  solar 
heat  upon  the  atmosphere  would,  according  to  the  known  relations  of 
heat  and  magnetism,  explain  many  of  the  phenomena.  But  this  new 
feature  of  the  phenomena,  their  quinquennial  increase  and  deGrease, 
makes  us  doubt  whether  such  an  explanation  can  really  be  the  true 
(me. 

Of  the  teeuiar  changes  in  the  magnetic  elements,  not  much  more  is 
known  than  was  known  some  years  ago.  These  changes  go  on,  but 
thdr  laws  are  imperfectiy  known,  and  their  causes  not  even  conjee- 
tared.  M.  Hansteen,  in  a  recent  memou*,*  says  that  the  decrease  of 
the  inclination  goes  on  progressively  diminishing.  With  us  this  rate 
<tf  decrease  appears  to  be  at  present  nearly  uniform.  We  cannot  help 
conjecturing  that  the  sun,  which  has  so  plain  a  connexion  with  the 
diurnal,  annual,  and  occasional  movements  of  the  needle,  must  also 
have  some  connexion  with  its  secular  movements. 

In  1840  the  observations  made  at  various  places  had  to  a  great 
extent  enabled  Gauss,  in  connexion  with  W.  Weber,  to  apply  his 
Theory  to  the  actual  condition  of  the  Earth  ;^  and  he  calculated  the 
DeclinatioD,  Inclination,  and  Intensity  at  above  100  places,  and  found 


*  In  1887  there  were  888. 

*  The  ohservationB  up  to  1844  were  pnbliahed  in  Poggendorf  s  AnnaUn. 

*  See  K.  Johnstone's  PhynecA  AiUu, 

^  Atla%  dti  Erdmagfutim/^M  naeh  dm  EkmtiHlIm  d^r  Tk*^  See 
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Ihe  agreement,  as  he  says,  &r  beyond  hk  hopes.    They  show,  he  aaya, 
that  tiie  Theory  cornea  near  to  the  Tmth. 

Correction  of  Shipff  Compasses, 

The  magnetic  needle  had  become  of  importance  when  H  was  fe«md 
that  it  always  pointed  to  the  North.  Since  that  time  the  histoiy  of 
magnetism  has  had  its  events  reflected  in  the  history  of  n«ngation. 
The  change  of  the  declination  arising  from  a  change  d  place  terrified 
the  companions  of  Colmnbos.  The  determination  of  the  laws  of  this 
change  was  the  object  of  the  voyage  of  Hall^ ;  and  has  been  porsaed 
with  the  utmost  energy  in  the  Arctic  and  Antarctic  r^ons  by  naviga- 
tors up  to  the  present  time.  Probably  the  dependence  of  the  magnetic 
declination  npon  place  is  now  known  well  enough  for  the  purposes  of 
navigation.  But  a  new  source  of  difficulty  has  in  the  meantime  come 
into  view ;  the  effect  of  the  iron  in  the  ship  upon  the  Compass.  And 
this  has  gone  on  increasing  as  guns,  cables,  stays,  knees,  have  bemi 
made  of  iron ;  then  steam-engines  with  funnels,  wheels,  and  screws, 
have  been  added ;  and  finally  the  whole  ship  has  been  made  of  iron. 
How  can  the  compass  be  trusted  in  such  cases  ? 

I  have  already  said  in  the  history  that  Mr.  Barlow  proposed  to  cor- 
rect the  error  of  the  compass  by  placing  near  to  the  compass  an  iron 
plate,  which  from  its  proximity  to  the  compass  might  counterbalance 
magnetically  the  whole  effect  of  the  ship's  iron  upon  the  compass. 
This  correction  was  not  effectual,  because  the  magnetic  forces  of  the 
plate  and  of  the  ship  do  not  change  their  direction  and  value  accord- 
ing to  the  same  law,  with  the  change  of  position.  I  have  further 
stated  that  Mr.  Airy  demised  other  means  of  correcting  the  error.  I 
may  add  a  few  words  on  the  subject ;  for  the  subject  has  been  further 
examined  by  Mr.  Airy*  and  by  others. 

It  appears,  by  mathematical  reasoning,  that  the  magnetic  effect  of 
the  iron  in  a  ship  may  be  regarded  as  producing  two  kinds  of  deviation 
which  are  added  together; — a  "polar-magnet  deviation,"  which 
changes  from  positive  to  negative  as  the  direction  of  the  ship's  keel,  in 
a  horizontal  revolution,  passes  from  semicircle  to  semicircle;  and  a 
"  quadrantal  deviation,"  which  changes  from  positive  to  negative  as  the 
keel  turns  from  quadrant  to  quadrant.  The  latter  deviation  may  be 
remedied  completely  by  a  mass  of  unmagnetized  iron  placed  on  a  level 
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with  the  compass,  either  in  the  athwartship  line  or  in  the  fore-and-aft 
line,  according  to  circumstances.  ^'The  polar-magnet-deviation  "  may 
be  corrected  at  any  given  place  by  a  magnet  or  magnets,  but  the  mag- 
nets thus  applied  at  one  place  wHl  not  always  correct  the  deviation  in 
another  magnetic  latitude.  For  it  appears  that  this  deviation  arises 
partly  from  a  magnetism  inherent  in  the  materials  of  the  ship,  not 
changing  with  the  change  of  magnetic  pofdtion,  and  partly  from  the 
effect  of  terrestrial  magnetism  upon  the  ship's  iron.  But  the  errors 
arifiiiig  from  both  sources  may  be  remedied  by  adjusting,  at  a  new 
locality,  the  positions  of  the  corrective  magnets. 

The  inherent  magnetism  of  the  ship,  of  which  I  have  spoken,  may 
be  much  affected  by  the  position  in  which  the  ship  was  built ;  and 
may  change  from  time  to  time ;  for  instance,  by  the  effect  of  the  bat- 
tering of  the  waves,  and  other  causes.  Hence  it  is  called  by  Mr.  Airy 
*^  sob-permanent  magnetism.*' 

Another  method  of  correcting  the  errors  of  a  ship's  eolnpass  has 
been  proposed,  and  is  used  to  some  extent;  namely,  by  twingmg  the 
ship  Tound  (in  harbor)  to  all  points  of  azimuth,  and  thus  constructing 
a  Table  of  Compass  JSrrors  for  that  particular  ship.  Snt  to  thli 
method  it  is  objected  that  the  Table  loses  its  value  in  a  new  magnetic 
latitude  much  more  than  the  correction  by  magnets  does ;  besides  the 
inconyeniences  of  steering  a  ship  by  a  Table. 
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CHAPTER  Vra. 
Maohkto-xlbotkio  Induotiok. 

FARAD AY^S  discovery  that,  in  combinatioDs  like  those  in  which  a 
voltaic  current  was  known  to  produce  motion,  motion  would  pro- 
dace  a  voltaic  current,  nataraUy  excited  great  attention  among  the 
scientific  men  of  Europe.  The  general  nature  of  his  discovery  was 
oommnnicated  by  letter^  to  M.  Hachette  at  Paris,  in  December,  1831 ; 
and  experiments  having  the  like  results  were  forthwith  made  by  MM. 
Becquerel  and  Ampere  at  Paris,  and  MM  Nobili  and  Antinori  at 
Florence. 

It  was  natural  also  that  in  a  case  in  which  the  relations  of  space 
which  determine  the  results  are  so  complicated,  different  philosophers 
should  look  at  them  in  different  ways.  There  had  been,  from  the  first 
discovery  by  Oersted  of  the  effect  of  a  voltaic  current  upon  a  magnet, 
two  rival  methods  of  regarding  the  fiu^ts.  Electric  and  magnetic  lines 
exert  an  effort  to  place  themselves  transverse  to  each  other  (see 
chapter  iv.  of  this  Book),  and  (as  I  have  already  said)  two  ways 
offered  themselves  of  simplifying  this  general  truth  : — to  suppose  an 
electric  current  made  up  of  transverse  magnetic  lines ;  or  to  suppose 
magnetic  lines  made  up  of  transverse  electric  currents.  On  either  of 
these  assumptions,  the  result  was  expressed  by  saying  that  like  currents 
or  lines  (electric  or  magnetic)  tend  to  place  themselves  parallel ;  which 
is  a  law  more  generally  intelligible  than  the  law  of  transverse  position. 
Faraday  had  adopted  the  former  view ;  had  taken  the  lines  of  mag- 
netic force  for  the  fundamental  lines  of  his  system,  and  defined  the 
direction  of  the  magneto-electric  current  of  induction  by  the  relation 


'  Aim,  d$  Chimie,  toL  zlviiL  (1881),  p  408. 
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of  the  motion  to  these  lines.  Ampere,  on  the  other  hand,  Buppoeed 
the  magnet  to  be  made  np  of  tranavene  electric  currents  (chap,  vi.) ; 
and  had  deduced  all  the  &cts  of  electro-dynamical  action,  with  great 
felicity,  from  this  conception.  The  question  naturally  arose,  in  what 
manner,  on  this  view,  were  the  new  facts  of  magneto-electric  induction 
by  motion  to  be  explained,  or  even  expressed  f 

Various  philosophers  attempted  to  answer  this  question.  Perhaps 
the  form  in  which  the  answer  has  obtained  most  general  acceptance 
is  that  in  which  it  was  put  by  Lenz,  who  discoursed  on  the  subject  to 
the  Academy  of  St  Petersburg  in  1833.*  His  general  rule  is  to  this 
effect :  when  a  wire  moves  in  the  neighborhood  of  an  electric  current 
or  a  magnet,  a  current  takes  place  in  it,  such  as,  existing  independentiy, 
would  have  produced  a  motion  opposite  to  the  actual  motion.  Thus 
two  parallel /ortiFarci  currents  move  towards  each  other : — hence  if  a 
current  move  towards  a  parallel  wire,  it  produces  in  it  a  backward 
current.  A  moveable  wire  conducting  a  current  downwards  will  move 
round  the  north  pole  of  a  magnet  in  the  direction  N.,  W.,  S.,  £ : — 
hence  i^  when  the  wire  have  in  it  no  current,  we  move  it  in  the 
direction  N.,  W.,  S.,  E.,  we  produce  in  the  wire  an  upward  current 
And  thus,  as  M.  de  la  Rive  remarks,'  in  cases  in  which  the  mutual 
action  of  two  currents  produces  a  limited  motion,  as  attraction  <Mr 
repulsion,  or  a  deviation  right  or  left,  the  corresponding  magneto-eleo- 
trie  induction  produces  an  instantaneous  current  only ;  but  when  the 
electrddynamic  action  produces  a  continued  motion,  the  corresponding 
motion  produces,  by  induction,  a  continued  current 

Looking  at  this  mode  of  stating  the  law,  it  is  impossible  not  to  r^ard 
this  effect  as  a  sort  of  reaction ;  and  accordingly,  this  view  was  at  onoe 
taken  of  it  Professor  Ritchie  said,  in  1833,  '^The  law  is  founded  on 
the  universal  principle  that  action  and  reaction  are  equaL"  Thus,  if 
voltaic  electricity  induce  magnetism  under  certain  arrangements,  mag- 
netism will,  by  similar  arrangements,  react  on  a  conductor  and  induce 
voltaic  electricity.* 

There  are  still  other  ways  of  looking  at  this  matter.  I  have  else- 
where pointed  out  that  where  polar  properties  co-exist,  they  are  gene- 


*  Aead.  Fetrop.  Nov.  29, 1888.    Fogg,  Ann,  toL  xdd.  p.  488. 
»  Traits  de  VElectridte,  vol  i  p  441  (1864). 

*  On  the  Reduction  of  Mr.  Faraday's  diBcoyeries  in  Magneto-eleetric  Indue 
tion  to  a  General  Law.  Tram,  of  B.  S.  in  Phil,  Mag.  K.a  vol  iii  87,  and  vol 
iv.  p.  11.    In  the  seoond  edition  of  this  history  I  used  the  like  eipreMiona 
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rally  found  to  be  connected,*  and  have  illnstraled  this  law  in  Ae 
of  electrical,  magnetical,  and  chemical  polarities.  K  we  regiid  mo- 
tion backwards  and  forwards,  to  the  right  and  the  left,  and  the  like,  as 
polar  relations,  we  see  that  magneto-electrio  induction  gives  ns  a  new 
manifestation  of  connected  polarities. 

Dtamapnetie  Pdarify, 

Bnt  the  manifestation  of  co-existent  polarities  whieh  are  brought 
into  view  in  this  most  carious  department  of  natoreisnotyet  eschansl- 
ed  by  those  which  we  have  described.  I  have  already  spoken  (chap, 
iv.)  of  Dr.  Faraday's  discovery  that  there  are  diamagnetic  as  well  as 
magnetic  bodies ;  bodies  which  are  repelled  by  the  pole  of  a  magnet, 
as  well  as  bodies  which  are  attracted.  Here  is  a  new  (^position  of 
properties.  What  is  the  exact  definition  of  this  opposition  in  con- 
nexion with  other  polarities  ?  To  this,  at  present,  different  philoso- 
phers give  different  answers.  Some  say  that  diamagnetisn  is  com- 
pletely the  opposite  of  ordinary  magnetism,  or,  as  Dr.  Faraday  has 
termed  it  for  the  sake  of  distinction,  oi  paramagnetism.  They  say  that 
as  a  north  pole  of  a  magnet  gives  to  the  neighboring  extremity  of  a 
piece  of  soft  iron  a  south  pole,  so  it  gives  to  the  neighboring  extremi- 
ty of  a  piece  of  bismuth  a  north  pole,  and  that  the  bismuth  becomes 
for  the  time  an  inverted  magnet ;  and  hence,  arranges  itself  across  the 
line  of  magnetised  force,  instead  of  along  it  Dr.  Faraday  himself  at 
first  adopted  this  view  ;*  but  he  now  conceives  that  the  bismuth  is  not 
made  polar,  but  is  simply  repelled  by  the  magnet;  and  that  the 
transverse  position  which  it  assumes,  arises  merely  from  its  elongated 
form,  each  end  trying  to  recede  as  far  as  possible  from  the  repulsive 
pole  of  the  magnet 

Several  philosophers  of  great  eminence,  however,  who  have 
examined  the  subject  with  great  care,  adhere  to  Dr.  Faraday's  first 
view  of  the  nature  of  Diamagnetism — as  W.  Weber,'  Flacker,  and 
Mr.  Tyndall  among  ourselves.  If  we  translate  this  view  into  the  lan- 
guage of  Ampere's  theory,  it  comes  to  this : — that  as  currents  are 
induced  in  iron  and  magnetics  parallel  to  those  existing  in  the  inducing 
magnet  or  battery  wire ;  so  in  bismuth,  heavy  glass,  and  other  diamag- 
netic bodies,  the  currents  induced  are  in  the  contrary  directions : — 


*  Phil  /ml  iSc  B.  V.  0.  iL  *  Faraday's  Eeiearehes,  Art  U29,  24Sa 

*  Pogg^ndorfs  Ann,  Jim.  1848. 
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these  hypothetical  correntB  being  in  non-condacting  diamagnetic,  as  ia 
magnetic  bodies,  not  in  the  mass,  bat  roond  the  particles  of  the  matter. 

Jliapneto-cpHe  Effects  and  MagnecryBtallic  Polarity. 

Not  even  yet  have  we  tenninated  the  enumeration  of  the  co-existent 
polarities  which  in  this  province  of  nature  have  been  brought  into  view. 
Light  has  polar  properties ;  the  very  term  polarization  is  the  record  of 
the  diMOveiy  of  these.  The  forces  which  determine  the  crystalline 
foims  of  bodies  are  of  a  polar  nature :  crystalline  forms,  when  complete, 
may  be  defined  as  those  forms  which  have  a  certain  degree  of  synune- 
try  in  reference  to  opposite  poles.  Now  has  this  optical  and  crystal- 
line polarity  any  relation  to  the  electrical  poknty  of  which  we  have 
been  speaking  ? 

However  much  we  might  be  disposed  beforehand  to  conjecture  that 
there  is  some  relation  between  these  two  groups  of  pdar  properties, 
yet  in  this  as  in  the  other  parts  of  this  history  of  discoveries  respect* 
ing  polarities,  no  conjecture  hits  the  nature  of  the  relation,  such  as 
experiment  showed  it  to  be.  In  November,  1846,  Faraday  announced 
the  discovery  of  what  he  then  called  ^  the  action  of  magnets  on  light*'' 
But  this  action  was  manifested,  not  on  light  directly,  but  on  light  pasa* 
ing  through  certain  kinds  of  glass.*  When  this  glass,  subjected  to  the 
action  of  the  powerful  magnets  which  he  used,  transmitted  a  ray  kA 
light  parallel  to  the  line  of  magnetic  force,  an  effect  was  produced 
iqK>n  the  light  But  of  what  nature  was  this  effect  ?  When  light  was 
ordinary  light,  no  change  in  its  condition  was  discoverable.  But  if  the 
light  were  light  polarized  in  any  plane,  the  plane  of  polarization  was 
turned  round  through  a  certain  angle  while  the  ray  passed  through  th^ 
glass: — a  greater  angle,  in  proportion  as  the  magnetic  force  was 
greater,  and  the  thickness  of  the  glass  greater. 

A  power  in  some  respects  of  this  kind,  namely,  a  power  to  rotate 
the  plane  of  polarization  of  a  ray  passing  through  them,  is  possessed 
by  some  bodies  in  their  natural  state ;  for  instance,  quartz  crystals,  and 
(^  of  turpentine.  But  yet,  as  Dr.  Faraday  remarks,*  there  is  a  great 
difference  in  the  two  cases.  When  polarized  rays  pass  through  oil  of 
turpentine,  in  whatever  direction  they  pass,  they  all  of  them  have  their 


*  Silicated  horate  of  lead.    See  JU99archei,  %  2161,  Ae,    Also  flintglav,  rock 
■alt^  water  (2215). 

*  lUteareheM,  Art  2281. 
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plane  of  polaraation  rotated  in  tiie  8ame  difeetion;  tliat  ie,  all  to  tiie 
r%ht  or  idl  to  the  left;  bat  when  a  ray  paaies  through  the hearfgian, 
the  power  of  rotation  existB  only  in  a  plane  peipendiealar  to  the  mag- 
netic line,  and  its  direction  as  right  or  left-handed  la  rereraed  l^ 
reversing  the  magnetic  polarity. 

In  this  case,  we  have  optical  properties,  which  do  not  depend  on 
crystalline  form,  afiected  by  the  magnetic  force.  But  it  haa  also  been 
foiond  that  crystalline  form,  which  is  so  fertile  a  sonrce  of  optical  pro- 
perties, affords  indications  of  magnetic  forces.  In  184Y,  M.  mieker,'* 
of  the  University  of  Bonn,  using  a  powerfol  magnetic  apparalOB,  simi- 
lar to  Faraday's,  fonnd  that  crystals  in  general  are  magnetic,  in  this 
sense,  that  the  axes  of  crystalline  form  tend  to  assnme  a  certain  posi- 
tion with  reference  to  the  magnetic  lines  of  force.  The  poeseasion  of 
one  optic  axis  or  of  two  is  one  of  the  broad  distinctions  of  the  different 
crystalline  forms :  and  using  this  distinction,  M.  Pltlcker  found  that  a 
crystal  having  a  sbgle  optic  axis  tends  to  place  itself  with  this  axis 
transverse  to  the  magnetic  line  of  force,  as  if  its  optic  axis  were  repelled 
by  each  magnetic  pole ;  and  crystals  with  two  axes  act  as  if  each  of 
these  axes  were  repelled  by  the  magnetic  poles.  This  force  is  inde- 
pendent of  the  magnetic  or  diamagnetic  character  of  the  crystal ;  and 
is  a  directive,  more  properly  than  an  attractive  or  repulsive  force. 

Soon  afterwards  (in  1848)  Faraday  also  discovered"  an  effect  of 
magnetism  depending  on  crystalline  form,  which  at  first  sight  appeared 
to  be  different  from  the  effects  observed  by  M.  Pltlcker.  He  fonnd 
that  a  crystal  of  bismuth,  of  which  the  form  is  nearly  a  cube,  but  more 
truly  a  rhombohedron  with  one  diagonal  a  little  longer  than  the  others, 
tends  to  place  itself  with  this  diagonal  in  the  direction  of  the  lines  of 
magnetic  force.  At  first  he  conceived'*  the  properties  thus  detected 
to  be  different  from  those  observed  by  M.  Pliicker ;  since  in  this  case 
the  force  of  a  crystalline  axis  is  axial,  whereas  in  those,  it  was  equato- 
rial. But  a  further  consideration  of  the  subject,  led  him*'  to  a  convic- 
tion that  these  forces  must  be  fundamentally  identical :  for  it  was  easy 
to  conceive  a  combination  of  bismuth  crystals  which  would  behave  in 
the  magnetic  field  as  a  crystal  of  calcspar  does ;  or  a  combination  of 
calcspar  crystals  which  wonld  behave  as  a  crystal  of  bismuth  does. 

And  thus  we  have  fresh  examples  to  show  that  the  Connexion  of  co- 
existent Polarities  is  a  thought  deeply  seated  in  the  minds  of  the  pro- 


"  Taylort  SeUrUiJU  Mmoirs,  vol  v.  "  BeHorehsi,  Art  2464,  Ae. 

»  Art.  2469.  »  Art.  2598,  2601. 


foimdest  and  most  sagacioos  philosopheiB,  and  perpetoaUy  verified  and 
iQartratodf  hy  nnf^reseen  discoyeriee  in  nngaeflsed  fonn%  through  the 
lab<xn  of  the  mort  akilfiil  experimenters. 

MoffneUhelectric  Machines, 

The  diBOOvery  that  a  voltaic  wire  moved  in  presence  of  a  magnet, 
has  a  oorrent  generated  in  it^  was  employed  as  the  ground  of  the  con- 
stniction  of  machines  to  produce  electrical  effects.  In  Saxton's 
machine  two  coik  of  wire  including  a  core  of  soft  iron  revolved  oppo- 
nte  to  tiie  ends  of  a  horseshoe  magnet,  and  thus,  as  the  two  coils  came 
oppodte  to  the  N.  and  S.,  and  to  the  S.  and  N.  poles  of  the  magnet, 
cnrrente  were  generated  alternately  in  the  wires  in  opposite  directions. 
But  by  arranging  the  connexions  of  the  ends  of  the  wires,  the  success- 
ive enrrents  might  be  made  to  pass  in  corresponding  directions.  The 
akemationB  or  successions  of  currents  in  such  machines  are  governed 
hy  a  contrivance  which  alternately  interrupts  and  permits  the  action ; 
this  contrivance  has  been  called  a  rheoUyme.  Clarke  gave  a  new  form 
to  a  machine  of  the  same  nature  as  Saxtou's.  But  the  like  effect  may 
be  produced  by  using  an  electro-magnet  instead  of  a  common  magnet 
When  this  is  done,  a  current  is  produced  which  by  induction  produces 
a  current  in  another  wire,  and  the  action  is  alternately  excited  and 
interrupted.  When  the  inducing  current  is  interrupted,  a  momentary 
current  in  an  opposite  direction  is  produced  in  the  induced  wire ;  and 
when  this  current  stops,  it  produces  in  the  inducing  wire  a  current  in 
the  original  direction^  which  may  be  adjusted  so  as  to  reinforce  the 
resumed  action  of  the  original  current  This  was  pointed  out  by  M. 
De  la  Rive  in  1843.^^  Machines  have  been  constructed  on  such  prin- 
ciples by  him  and  others.  Of  such  machines  the  most  powerful  hitherto 
known  is  that  constructed  by  M.  Ruhmkorff.  The  effects  of  this 
instrument  are  exceedingly  energetic. 

Applications  of  EUctrodynamic  Discoveries. 

The  great  series  of  discoveries  of  which  I  have  had  to  speak  have 
been  applied  in  many  important  ways  to  the  uses  of  life.  The  Elec- 
tric Telegraph  is  one  of  the  most  remarkable  of  these.  By  wires 
extended  to  the  most  distant  places,  the  electric  current  is  transmitted 


^  TMU  de  rEUet  i  891. 
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tliither  in  an  imperGeptiUe  time ;  snd  bj  means  of  well-deviaed  sys- 
tems of  operation,  Is  made  to  convey  from  man  to  man  wordsy  which 
are  now  most  emphatically  ^  winged  words."  In  the  most  civilised 
states  such  wires  now  form  a  net-work  across  the  land,  which  is  £uni- 
liar  to  our  thoughts  as  the  highway  is  to  our  feet ;  and  wide  seas  have 
such  pathways  of  human  thought  buried  deep  in  their  waves  from 
shore  to  shore.  Again,  by  using  the  chemical  effects  <^  electrodyna- 
mic  action,  of  which  we  shall  have  to  speak  in  the  next  Book,  a  new 
means  has  been  obtained  of  copying  with  an  eiactness  xmattainable 
before,  any  forms  which  art  or  nature  has  produced,  and  of  covering 
them  with  a  sur&ce  of  metaL  The  Ehctroiype  Froeeu  is  now  one  of 
the  great  powers  which  manufacturing  art  employs. 

But  these  discoveries  have  also  been  employed  in  eiplaining  natural 
phenomena,  the  causes  of  which  had  before  been  altogether  inscruta- 
ble. This  is  the  case  with  r^ard  to  the  diurnal  variation  of  the  m^- 
netio  needle ;  a  hct  which  as  to  its  existence  is  universal  in  all  places, 
and  which  yet  is  so  curiously  diverse  in  its  course  at  different  places. 
Dr.  Faraday  has  shown  that  some  of  the  most  remarkable  of  these 
diversities,  and  probably  all,  seem  to  be  accounted  for  by  the  different 
magnetic  effects  of  air  at  different  temperatures :  althou^  as  I  have 
already  said,  [Book  xii.)  the  discovery  of  a  decennial  period  in  the 
diurnal  changes  of  magnetic  declination  shows  that  any  explanation  of 
those  changes  which  refers  them  to  causes  existing  in  the  atmosphere 
must  be  very  incomplete." 


^  Bnedrehet,  Art  2892. 
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CHAPTER  IX. 
Ths  Eliotro-chxmioal  Thsort. 


A  MONO  the  Gonsequences  of  the  Electro-chemical  Theoiy,  most  be 
ranged  the  Yarions  improYements  which  have  been  made  in  the 
Yoltaic  battery.  Daniel  introduced  between  the  two  metals  a  partition 
permeable  by  chemical  action,  bnt  such  as  to  allow  of  two  different 
acid  solutions  being  in  contact  with  the  two  metals.  Mr.  QroYe's  bat- 
tery, in  which  the  partition  is  of  porous  porcelain,  and  the  metals  are 
platinum  and  amalgamated  zinc,  is  one  of  the  most  powerful  hitherto 
known.  Another  has  been  constructed  by  Dr.  CaUan,  in  which  the 
negatiYe  or  conducting  plate  is  a  cylinder  of  cast  iron,  and  the  posi- 
tiwe  element  a  cylinder  of  amalgamated  zinc  placed  in  a  porous  cell 
This  also  has  great  energy. 

The  Number  of  Elementary  Substances. 

There  have  not  been,  I  belieYC,  any  well-established  additions  to 
the  list  of  the  simple  substances  recognized  by  chemists.  Indeed  the 
tendency  at  present  appears  to  be  rather  to  deny  the  separate  elemen- 
tary character  of  some  already  announced  as  such  substances.  Pelo- 
pium  and  Niobium  were,  as  I  have  said,  two  of  the  new  metals.  But 
Naumann,  in  his  Elemente  der  Jfineralogie  (4th  ed.  1855),  says,  in  a 
foot  note  (page  25) :  ^  Pelopium  is  happily  again  got  rid  of;  for 
Pelopic  Acid  and  Niobic  Acid  possess  the  same  Radical.  Donarium 
had  a  still  shorter  existence." 

In  the  same  way,  when  Hermann  imagined  that  he  had  discovered 
a  new  simple  metallic  substance  in  the  mineral  Samarskite  from  Miaaki 
the  discovery  was  disproved  by  H.  Rose  {Pogg.  Ann.  B.  73,  s.  449). 
Vou  n.— 4a 
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In  general  the  insnlation  of  the  new  simple  sabetancesi  the  metallic 
bases  of  the  earths,  and  the  like, — ^their  separation  from  their  ccmibina- 
tions,  and  the  exhibition  of  them  in  a  metallic  form — ^has  been  a  diffi* 
cult  chemical  process,  and  has  rarely  been  executed  on  any  considera- 
ble scale.  But  in  the  case  of  Aluminium^  the  basis  of  the  earth 
Alumina,  the  process  of  its  extraction  has  recently  been  so  much 
frcilitated,  that  the  metal  can  be  produced  in  abundance.  This  being 
the  case,  it  will  probably  soon  be  applied  to  special  economical  uses, 
for  which  it  is  fitted  by  possessing  special  properties. 
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BY  the  kindneBS  of  W.  H«  Miller,  Esq^  Professor  of  Mineralogy  in 
the  University  of  Cambridge,  I  am  able  to  add  to  this  part  the 
following  notices  of  books  and  memoirs. 

1.    Chystallography. 

EkmenU  der  KrystaHographie^  nebsteiner  tahellarischen  Uebersiehi 
der  Mineralien  nach  der  Krystall/ormenj  von  Gustav  Rose.  2. 
Anflage.  Berlin,  1838.  The  crystallographic  method  here  adopted 
is,  for  the  most  part,  that  of  Weiss.  The  method  of  this  work  has 
been  followed  in 

A  System  of  Crystallography^  with  its  Applications  to  Mineralogy, 
By  John  Joseph  Griffin.  Glasgow,  1841.  Mr.  Griffin  has,  however, 
modified  the  notation  of  Rose.  He  has  constructed  a  series  of  models 
of  crystalline  forms. 

Frankenheim's  System  der  Krystalle.  1842.  This  work  adopts 
nearly  the  Mohsian  systems  of  crystallization.  It  contains  Tables  of 
the  chemical  constitution,  inclinations  of  the  axis,  and  magnitude  of 
the  axes  of  all  the  crystals  of  which  a  description  was  to  be  found, 
including  those  formed  in  the  laboratory,  as  well  as  those  usually 
called  minerals;  713  in  all. 

Fr.  Aug.  Quenstedt,  Methode  der  KrystaHographie^  1840,  employs  a 
fimciful  method  of  representing  a  crystal  by  projecting  upon  one  face 
of  the  crystal  all  the  other  &ces.  This  invention  appears  to  be  more 
curious  than  useful. 

Dr.  Earl  Naumann,  who  is  spoken  of  in  Chap  ix.  of  this  Book,  as 
the  author  of  the  best  of  the  Mixed  Systems  of  Classification,  publish- 
ed also  Chrtmdriss  der  Krystallographie.  Leipjdg,  1826.  In  this  and 
other  works  he  modifies  the  notation  of  Mohs  in  a  very  advantageous 
Buumer.   ' 


Profeuor  Dana,  in  his  Syitem  </  Mmeraiogy,  New  Haven  (UJEL), 
1887,  follows  Nanmann  for  the  moat  pait»  boA  in  crystallognphy  and 
in  mineral  classification.  In  the  latter  part  of  thesnhjectyhehasmade 
the  attempt,  which  in  all  cases  is  a  source  of  conlbsion  and  of  lulnie, 
to  introduce  a  whole  system  of  new  names  of  the  members  of  his 
^  classification. 

The  geometrj  of  ciystallography  has  been  inrestigated  in  a  Tery 
original  manner  by  M.  Bravais,  in  papers  poblkhed  in  the  Jonmal  of 
the  Boole  Polytechniqne,  entitled  Ifimoirei  nar  let  8f9t^me$  foirmk 
par  du  Paints.    1850.    Etudes  Ciystallographiquei.     1851. 

Hermann  Eopp  {Einkitunff  in  die  Kryetallograpkiej  Braanschwei^ 
1849)  has  given  the  description  and  measurement  of  the  angles  of  a 
large  nnmber  of  laboratory  crystals. 

Rammelsberg  {KryBtdHographieehe  ChenUe^  Berlin,  1855)  has  col- 
lected an  accoont  of  the  systems,  simple  forms  and  angles  of  all  the 
laboratory  crystals  of  which  he  conld  obtain  descriptions. 

Schabns  of  Vienna  (BeeHmmunp  der  Efystallgettaiten  in  Chemi- 
wehen  Laboratarien  enmgien  Produetey  Wien,  1855 ;  a  snccessfhl  Priae 
Essay)  has  given  a  description,  accompanied  by  measorements,  of  90 
erystalline  species  ftam  his  own  observations. 

To  these  attempts  made  in  other  countries  to  simplify  and  improve 
lerystallognqphy,  I  may  add  a  remarkable  E»ay  very  recently  made 
here  by  Mr.  Brooke,  and  suggested  to  him  by  his  exact  and  funiliar 
knowledge  of  Mineralogy.  It  is  to  this  effect  All  the  crystalline 
forms  of  any  given  mineral  species  are  derived  from  the  primitive  form 
of  that  species;  and  the  degree  of  symmetry,  and  the  parameters^  of 
this  form  determine  the  angles  of  all  derivative  forms.  But  how  is 
this  primitive  form  selected  and  its  parameters  determined!  The 
selection  of  the  kind  of  the  primitive  form  depends  upon  the  decree  <f 
symmetry  which  appears  in  all  the  derivative  forms;  according  to 
which  they  belong  to  the  rhombohedral,  prismatic,  square  pyramidal^ 
or  some  other  system:  and  this  determination  is  commonly  clear. 
But  the  parameters,  or  the  angles,  of  the  primitive  form,  are  commonly 
determined  by  the  cleavage  of  the  mineral.  Is  this,  a  sufficient  and 
necessary  ground  of  such  determination  ?  May  not  a  simplification  be 
effected,  in  some  cases,  by  taking  some  other  parameters  f  by  takir^  a 
primitive  form  which  belongs  to  the  proper  system,  but  which  has  some 
other  angles  than  those  given  by  cleavage!  Mr.  Brooke  has  tried 
whether,  for  instance,  crystals  of  the  rfaombohedral  system  may  not  be 
referred  with  advantage  to  primitive  rhombohedrons  which  have,  in  all 
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the  speciesy  nearly  the  same  angles.  The  advantage  to  be  obtained  by 
SQch  a  change  would  be  the  simplification  of  the  laws  of  derivation  in 
the  derivatiYe  forms :  and  therefore  we  have  to  ask,  whether  the  indices 
of  derivataon  are  smaller  nmnbers  in  this  way  or  with  the  hitherto 
accepted  ftmdamental  angles.  It  app^un  to  me,  from  the  examples 
given,  that  the  advantage  of  simplicity  in  the  indices  is  on  the  side  of 
the  old  system:  bat  whether  tlus  be  so  or  not,  it  was  a  great  benefit 
to  crystallography  to  have  the  two  methods  compared.  Mr.  Brooke's 
finay  is  a  Memoir  presented  to  the  Boyal  Socidy  in  1856. 

2.  Optical  Properties  of  Minerals. 

The  Handimeh  der  Optik,  von  F.  W.  Q.  Radicke,  Berlin,  1889,  con- 
tains a  chapter  on  the  optical  properties  of  crystals.  The  author's 
diief  authority  is  Sir  D.  Brewster,  as  might  be  expected. 

M.  Haidinger  has  devoted  much  attention  to  experiments  on  the 
pleoehraism  of  minerals.  He  has  invented  an  instrument  which  makes 
the  dichroism  of  minerals  more  evident  by  exhibiting  the  two  colors 
side  by  side. 

The  pleochroism  of  minerals,  and  especially  the  remarkable  douda 
that  in  the  cases  of  lolite,  Andalusite,  Angite,  E^ote,  and  Axinite^ 
border  the  positions  of  either  optical  axis,  have  been  most  successfully 
imitated  by  M.  de  Senarmont  by  means  of  artificial  crystallizations. 
{Asm,  de  Ckim.  8  Ser.  xlL  p.  319.) 

M.  Pasteur  has  found  that  Bacemic  Acid  consists  of  two  different 
acids,  having  the  same  density  and  c(»nposition.  The  salts  of  these 
acids,  with  bases  of  Ammonia  and  of  Potassa,  are  hemihedral,  the 
hemihedral  faces  which  occur  in  the  one  being  wanting  in  the  other. 
The  acids  of  these  different  crystals  have  circular  polarization  of  oppo- 
site kinds.  {Ann.  de  Chim.  8  Ser.  xxviii.  66,  99.)  This  discovery 
was  marked  by  the  assignation  of  the  Bumford  Medal  to  M.  Pasteur 
in  1856. 

M.  Marbach  has  discovered  that  crystals  of  chlorate  of  soda,  whi<di 
apparently  belongs  to  the  cubic  or  tessular  system,  exhibit  hemihedral 
hce^  of  a  peculiar  character ;  and  that  the  crystals  have  circular  polar- 
ization of  opposite  kinds  in  accordance  with  the  differences  of  the 
plagihedral  &ces.    (Poggendcrfe  Annalen^  xcL  482.) 

M.  Seybolt  of  Vienna  has  found  a  means  of  detecting  plagihedral 
Cmcs  in  quartz  crystals  which  do  not  reveal  them  externally.  {Ahad. 
d.  Wtieenecha/t  zu  WieUj  B.  xv.  s.  59.) 
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3.  ClasH/ieaikm  cf  Mmirali. 

In  the  Philoiophy  of  the  IndueHve  Seimettf  B.  vm.  C.  iiL,  I  ha,rt 
treated  of  the  Application  of  the  Nataral^higtoxy  Method  of  ClaBsifi- 
cation  to  Mineralogy,  and  have  spoken  of  the  STstems  of  this  kind 
which  have  been  proposed.  I  have  there  especially  disooased  the  sy»> 
tern  proposed  in  the  treatise  of  M,  Neoker,  Le  Bkffn$  Mineral  rameni 
aux  Mithodet  d^HUtoire  NaiurtUe  (Paris,  1886).  More  recently  have 
been  published  M.  Bendant's  Courn  UimetUaire  tTJBUtom  N(UureUe^ 
Mineralogie  (Paris,  1841) ;  and  M.  A.  Bnfresnoy's  TraiU  de  Mtn&ra- 
logie  (Paris,  1845).  Both  these  works  are  so  fiir  goyemed  by  mere 
chemical  views  that  they  lapse  into  the  inconveniences  and  defects 
which  are  avoided  in  the  best  systems  of  German  mineralogists. 

The  last  mineral  system  of  Berzelios  has  been  developed  by  M. 
Bammelsbei^  (NtLmberg,  1847).  It  is  in  principle  such  as  we  have 
described  it  in  the  history. 

M.  Nordenskiold's  sjrstem  (3rd  Ed.  1849,)  has  been  criticised  by  GL 
Rose,  who  observes  that  it  removes  the  defects  of  the  system  of  Ber- 
aelios  only  in  part  He  himself  proposes  what  he  calls  a  **  Erystallo- 
Chemisches  System,**  in  which  the  crystalline  form  detennines  the 
genns  and  the  chemical  composition  the  species.    His  classes  are — 

1.  Simple  Substances. 

2.  Combinations  of  Sulphur,  Selenium,  Titaniiun,  Arsenic,  Antimony, 

3.  Chlorides,  Fluorides,  Bromides,  Iodides. 

4.  Combinations  with  Oxygen. 

We  have  already  said  that  for  us,  all  chemical  compounds  are  mtiie- 
raU,  in  so  far  that  they  are  included  in  our  classifications.  Tlie 
propriety  of  this  mode  of  dealing  with  the  subject  is  confirmed  by  our 
finding  that  there  is  really  no  tenable  distinction  between  native  mine* 
rals  and  the  products  of  the  laboratory.  A  great  number  of  eminent 
chemists  have  been  employed  in  producing,  by  artificial  means,  crystals 
which  had  before  been  known  only  as  native  products. 


BOOK    XVI. 


CLASSinOATOBY    SdENGEa 


BOTANT, 

FOB  the  porpoee  of  giving  to  my  reader  some  indication  of  the  pre- 
sent tendency  of  Botanical  Science,  I  conceive  that  I  cannot  do 
better  than  direct  his  attention  to  the  reflections,  procednre,  and  rea- 
sonings which  have  been  soggested  by  the  most  recent  extensions  of 
man's  knowledge  of  the  vegetable  world.  And  as  a  specimen  of  these,  I 
may  take  the  labors  of  Dr.  Joseph  Hooker,  on  the  Flora  of  the  Antarctic 
B^ons,^  and  especially  of  New  Zealand.  Dr.  Hooker  was  the  i^otanist 
to  an  expedition  commanded  by  Sir  James  Ross,  sent  out  mainly  for  the 
purpose  of  investigating  the  phenomena  of  Terrestrial  Magnetism  near 
the  Soath  Pole ;  but  directed  also  to  the  improvement  of  Natural  His- 
tory. The  extension  of  botanical  descriptions  and  classifications  to  a 
large  mass  of  new  objects  necessarily  suggests  wider  views  of  the  value 
of  classes  (genera,  species,  &c.,)  and  the  conclusions  to  be  drawn  fix)m 
their  constancy  or  inconstancy.  A  few  of  Dr.  Hooker's  remarks  may 
show  the  nature  of  the  views  taken  under  such  circumstances. 

I  may  notice,  in  the  first  place,  (since  this  work  is  intended  for  gene- 
ral rather  than  for  scientific  readers,)  Dr.  Hooker's  testimony  to  the 
value  of  a  technical  descriptive  language  for  a  classificatory  science — 
a  Terminology,  as  it  is  called.  He  says,  '^It  is  impossible  to  write  Bo- 
tanical descriptions  which  a  person  ignorant  of  Botany  can  understand, 
although  it  is  supposed  by  many  unacquainted  with  science  that  this 
can  and  should  be  done."  And  hence,  he  says,  the  state  of  botanical 
science  demands  Latin  descriptions  of  the  plants ;  and  this  is  a  lesson 
which  he  especially  urges  upon  the  Colonists  who  study  the  indigenous 
plants. 

'  The  Botany  of  the  Antaretie  Voyage  of  H.  M,  JHeeovery  Bhipe  Erthu  and 
lVm>r,tn<A«ytfarf  1889-40.    PabliBhed  1847.    Fhm  Nwm  ZeianHee.    1858. 
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Dr.  Hooker's  remarks  on  the  limits  of  qpeciesi  thor  diqperrion  and 
rariatioiif  are  striking  and  instmctiTe.  He  is  of  ofniikm  that  qpeoiei 
rarj  more,  and  are  more  widely  diffiiaed,  tilum  k  nsoallj  aapposed. 
Hence  he  conceives  that  the  number  of  q>ecieahaB  been  needkiilyaod 
erroneonsly  multiplied,  by  distinguidinig  the  qpedmena  which  oeeur  in 
different  places,  and  vary  in  unessential  features.  Heaayathatthoi^ 
according  to  the  lowest  estimate  (^compilen^  100,000  is  the  commoa- 
ly  received  number  of  known  plants^  he  thinks  that  half  that  nomber 
is  much  nearer  the  truth.  ^This,**  he  says,  ^may  be  well  oonoehred, 
when  it  is  notorious  that  nineteen  q>eciea  hare  been  made  of  theCkim- 
mon  Potatoe,  and  many  more  of  Soktnum  mprum  alone.  Pierii 
QquUi$ui  has  given  rise  to  numerous  book  species;  Vemoma  emerea  of 

India  to  fifteen  at  least Many  more  plants  are  common  to 

most  countries  than  is  supposed ;  I  hare  found  60  New  Zeahind  flower 
ing  plants  and  9  Ferns  to  be  European  ones,  besides  inhabiting  nume- 
rous intermediate  countries. So  long  ago  as  1814,  Mr:  Bnmn 

drew  attention  to  the  importance  of  such  considerations,  and  g$ve  a 
list  of  160  European  plants  common  to  Australia.'' 

As  an  example  of  the  extent  to  which  unessential  diffisrenoea  may  get; 
he  says  (p.  xvii.,)  **  The  few  remaining  natire  Cedars  €t  Lebanon  may 
be  abiormal  states  of  the  tree  which  was  once  spread  oyer  the  whole 
of  the  Lebanon ;  for  there  are  now  growing  in  England  Tarieties  ci  it 
which  hare  no  existence  in  a  wild  state.  Some  of  them  closely  resemble 
the  Cedars  of  Atlas  and  of  the  Himalayas  {Deodar  ;)  and  the  absence 
of  any  valid  botanical  differences  tends  to  prove  that  all,  though  gene- 
rally supposed  to  be  different  species,  are  one.'' 

Still  the  great  majority  of  the  species  of  plants  in  those  Southern 
regions  are  peculiar.  ^There  are  upwards  of  100  genera,  subgenera,  or 
other  well  marked  groups  of  plants,  entirely  or  nearly  confined  to  New 
Zealand,  Australia,  and  extra-tropical  South  America.  Hiey  are  re- 
presented by  one  or  more  species  in  two  or  more  of  those  countries, 
and  thus  effect  a  botanical  relationship  or  aflinity  between  them  all 
which  every  botanist  appreciates." 

In  reference  to  the  History  of  Botany,  I  have  received  corrections 
and  remarks  finom  Dr.  Hooker,  with  which  I  am  allowed  to  enrich  my 
pages. 

^P.  859.  Note  '•  Nelutnlnum  speeiosum^  the  Loins  ci  India.  The 
Helumlnum  does  not  fioat,  but  raises  both  leaf  and  fiower  several  feet 
above  the  water :  the  NymphoM  Lotus  has  fioating  leaves.  Both  ent<»r 
laigely  into  the  symboUm  of  the  Hindoos,  and  are  <rfben  confounded. 
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«<P.  862.  Note  ^  For  Araekma  read  AraMs.  The  Arackidm  of 
Ihec^brastiis  cannot^  however,  be  the  Araekii  or  ground-nat 

'^Ppw  888  and  894.  For  Harhcamp  read  Harteeamp, 

«"?.  394.  For  £^8rUn  read  Kalm. 

T.  894.  For  A^feeh  read  Oabeck. 

**P.  886.  /oAn  Bay.  Bay  was  fhrther  the  author  6(  the  {maent 
Nataial  System  in  its  most  comprehensive  sense.  He  first  divided 
plante  into  Flowerless  and  Flowering ;  and  the  latter  into  Monocotyle- 
donoiia  and  IHootjledonons : — ^'Floriferas  dividemns  in  Dioomji- 
oonSy  qnarom  semina  sata  binis  foliis,  seminalibns  dictis,  qnsB  colyle- 
donorun  nsom  pnestanti  e  terra  exeunt,  vel  in  binos  saltern  loboa 
dividimtary  qoamvis  eos  siqiNPa  terram  foliorom  specie  non  efferant;  el 
MovoooTTLEDONss,  quflB  ncc  folia  bina  seminalia  efferant  nee  loboi 
Unoe  condnnt  Hsec  divisio  ad  arbores  etiam  extendi  potest ;  siqni- 
dem  PalmsB  et  congeneres  hoc  respectu  eodem  modo  a  reliquis  arbori- 
boB  difieront  qno  Monocolyledones  a  reliquis  herbis.' 

^P.  408.  Endogenous  and  Exogenous  Growth,  The  exact  coone 
of  the  wood  fibres  which  traverse  the  stems  of  both  Monocotyledo* 
wna  and  Dicotyledonous  plants  has  been  only  lately  discovered.  In 
tiie  Monocotyledons,  those  fibres  are  cdlected  in  bundles,  which  follow 
a  very  peculiar  course : — ^from  the  base  of  each  leaf  they  may  be  fol- 
lowed downwards  and  inwards,  towards  the  axis  of  the  tronk,  when 
ih^  Ibnn  an  arch  with  the  convexity  to  the  centre ;  and  curving  out- 
waids  again  reach  the  circumference,  where  they  are  lost  amongst  the 
previously  deposited  fibres.  The  intrusion  of  the  bases  of  these 
bundles  amongst  those  already  deposited,  causes  the  circumference  of 
the  stem  to  be  harder  than  the  centre;  and  as  all  these  arcs  have  a 
short  course  (their  chords  being  nearly  equal),  the  trunk  does  not  in- 
crease in  girth,  and  grows  at  the  apex  only.  The  wood-bundles  are 
here  definite.  In  the  Dicotyledonous  trunks,  the  layers  of  wood  run 
in  parallel  courses  from  the  base  to  the  top  of  the  trank,  each  exter- 
nally to  that  last  formed,  and  the  trank  increases  both  in  height  and 
girth ;  the  wood-bundles  are  here  indefinite. 

^  With  regard  to  the  Cotyledons,  though  it  is  often  di£Scult  to  dis- 
tUBguish  a  Monocotyledonous  Embryo  firann  a  Dicotyledonous,  they 
may  always  be  discriminated  when  germinating.  The  Cotyledons, 
when  two  or  more,  and  primordial  leaves  (when  no  Cotyledons  are 
visible)  of  a  Monocotyledon,  are  alternate;  those  of  a  Dicolyledmi . 
are  opposite. 

^  A  farther  jAysiological  distinotton  between  MonoeotylediHia  aal 
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BJcotyledons  is  obeerved  in  germinfllioiiy  when  die  IMcotyledonoitt 
ndide  elongates  and  fonns  the  root  <^  die  joong  plant;  the  Mihio- 
cotyledonous  radicle  does  not  elongate,  bnt  pushes  ont  rootlets  from 
itself  at  once.  Hence  the  not  very  good  terms,  exarkital  for  Dicoty- 
ledonooa,  and  endorhizcU  for  Monocotyledonoos. 

^The  highest  physiologicid  generaiixation  in  the  vegetable  kbgdbm 
18  between  Phmiogama  and  CryptogamcL,  In  the  former,  fertiliatioii 
is  effected  by  a  pollen-tube  touching  the  nucleus  <^  an  ovule;  in 
Cr3rptogam8,  the  same  process  is  effected  by  the  contact  of  a  qpenn- 
eell,  usually  ciliated  (antkerozaid),  upon  another  kind  of  cell  called 
a  germ-cell.  In  Phienogams,  {urther,  the  oigans  of  fructification  are 
all  modified  leaves;  those  of  Cryptogams  are  not  homologous." 
(J.  D.  H.) 

ZooLOor. 

I  have  exemplified  the  considerations  which  govern  zoological  clasBi- 
fication  by  quoting  the  reflexions  which  Cuvier  gives  us,  as  having  led 
him  to  his  own  classification  of  Fishes.  Since  the  varieties  of  Qua- 
drupeds, or  Mammals  (omitting  whales,  d^c),  are  more  fiimiliar  to  the 
common  reader  than  those  of  Fishes,  I  may  notice  some  of  the  steps 
in  their  classification;  the  more  so  as  some  curious  questions  have 
recently  arisen  thereupon. 

Linnaeus  first  divides  Mammals  into  two  groups,  as  they  have  Claws, 
or  Hoofs  {unguiculatctj  unpulata.)  Bnt  he  then  again  divides  them 
into  six  orders  (omitting  whales,  &c.),  according  to  their  number  of 
tumor,  laniary^  and  m^lar  teeth ;  namely : — 

Primates,    (Man,  Monkey,  &c.) 

Bruta,    (Rhinoceros,  Elephant,  &c.) 

Fer€B,     (Dog,  Cat,  Bear,  Mole,  &c.) 

Glires.     (Mouse,  Squirrel,  Hare,  <fec.) 

Fecora.    (Camel,  Giraffe,  Stag,  Qoat,  Sheep,  Ox,  &c.) 

BellucB.    (Horse,  Hippopotamus,  Tapir,  Sow,  &c) 

In  the  place  of  these,  Cuvier,  as  I  have  stated  in  the  Philosopky 
(On  the  Language  of  ScienceSj  Aphorism  xvi.),  introduced  the  follow- 
ing orders :  Bimanesy  QuadrumaneSy  CamassierSy  Rongeurs^  JSdentes^ 
PachgdermSy  Buminans.  Of  these,  the  Carnassiers  correspond  to  the 
FercB  of  Linnsous ;  the  Rongeurs  to  his  Glires ;  the  Edentes  are  a 
new  order,  taking  the  Sloths,  Ant-eaters,  &c.,  frt>m  the  Bruta  of  Lin* 
nseus,  the  Megatherium  from  extinct  animals,  and  the  Ornithorhynchua, 
k^  fix>m  the  new  animals  of  Australia;  the  Ruminans  agree  with  the 
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Pfcora  ;  the  Pachyderms  inclnde  some  of  the  Bruia  and  the  BeHum^ 
comprehending  also  extinct  animalit,  as  Anqpiotherium  and  Palmoih^ 

ftUtflim 

Bat  the  two  orders' of  Hoofed  Animals,  the  Pachyderms  and  the 
Ruminants,  form  a  group  which  is  held  by  Mr.  Owen  to  admit  of  a 
better  separation,  on  the  ground  of  a  character  already  pointed  out  by 
Carier;  namely,  as  to  whether  they  are  two-toed  or  three-toed. 
According  to  this  view,  the  Horse  is  connected  with  the  Tapir,  the 
PidfBotherium,  and  the  Rhinoceros,  not  only  by  his  teeth,  but  by  his 
feet,  for  he  has  really  three  digits.  And  Cuvier  notices  that  in  the 
two-toed  or  even-toed  Pachyderms,  the  astragalus  bone  has  its  fece 
divided  into  two  equal  parts  by  a  ridge ;  while  in  the  uneven-toed 
pachyderms  it  has  a  narrow  cuboid  &ce.  Mr.  Owen  has  adopted  thla 
division  of  Pachyderms  and  Ruminants,  giving  the  names  ar^tocfocfy^ei 
and  periesodactyla  to  the  two  groups ;  the  former  including  the  Ox, 
Hog,  Peccary,  Hippopotamus,  <fec. ;  the  latter  comprehending  the  Horse^ 
Tapir,  Rhinoceros,  Hyrax,  <fec.  And  thus  the  Buminants  take  their, 
place  as  a  subordinate  group  of  the  great  natural  even-toed  Division 
of  the  Hoofed  Section  of  Mammals ;  and  the  Horse  is  widely  separated 
from  them,  inasmuch  as  he  belongs  to  the  odd-toed  division.' 

As  we  have  seen,  these  modem  classifications  are  so  constructed  as 
to  include  extinct  as  well  as  living  species  of  animals ;  and  indeed  the 
species  which  have  been  discovered  in  a  fossil  state  have  tended  to  fill 
np  the  gaps  in  the  series  of  zoological  forms  which  had  marred  the 
systems  of  modem  zoologists.  This  has  been  the  case  with  the  divi- 
sion of  which  we  are  speaking. 

Mr.  Owen  had  established  two  genera  of  extinct  Herbivorous  Ani- 
mals, on  the  strength  of  fossil  remains  brought  from  South  America : 
— ToxodoUy  and  Neeodon.  In  a  recent  communication  to  the  Royal 
Society*  he  has  considered  the  bearing  of  these  genera  upon  the  divi- 
sions of  odd-toed  and  even-toed  animals.  He  had  akeady  been  led  to 
the  opinion  that  the  three  sections.  Proboscidean  Pertssodactyloy  and 
ArOodaetyla,  formed  a  natural  division  of  XTugnlata ;  and  he  is  now 
led  to  think  that  this  division  implies  another  group,  **  a  distinct  divi- 
sion of  the  Ungulata,  of  equal  value,  if  not  with  the  PerissodactyJa 
and  Artiodactyla,  at  least  with  the  ProbosctdeaT  This  group  he  pro-, 
poses  to  call  Toxodonta.  . 


*  Owen,  Odontography.  '  Phil  Tratu^  18M. 
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rHTSIOLOGT  AND  OOMPARATTVE  AJTATOMY. 

Vegetaslk  Mohphologt.       ^^•^               * 

Morphology  in  JAnnmt^. 

Ai\\(:'l  tbiit  LiDDBeuB  bad  some  view*  on  this  subject    T>r, 
<:oncc;vL'a  these  views  to  be  more  complete  and  correct 

lerally  allowed,  thongh  unhappily  clothed  in  mctaphoTicftl 

ind  mhiid  T^ith  speculative  matter.     By  his  permission  I 

c  remarks  which  I  have  received  from  him. 

damcntal  passage  on  this  subject  lain  iho  S^tkma  Jfaiura ; 

■oduction  to  which  wort  the  followittg  passage  occurs : — 

l^i^^jtljjipatbn^jAjbi 

1 

■ 
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M  In  the  Prolepna  the  specnktiye  matter,  which  Iinn»as  hhnself 
careiblly  distangaiahes  assadiy  mtist  be  sepanted  fitmi  thereat,  and  this 
may  I  think  be  done  in  moet  of  the  sections.  He  starts  with  ezphiin- 
mg  clearly  and  well  the  origin  and  position  of  buds,  and  their  constant 
presence,  whether  developed  or  not,  in  the  axil  of  the  leaf:  adding 
abundance  of  acnte  observations  and  experiments  to  prove  his  state- 
ments. The  leaf  he  declares  to  be  the  first  effort  of  the  plant  in 
spring:  he  proceeds  to  show,  snccessivelj,  that  bract^  calyx,  coroDa, 
stamens,  and  pistil  are  eadi  of  them  metamorj^osed  leaves,  in  every 
case  giving  many  sxamplss,  both  from  monsters  and  from  chanurteis 
presented  by  those  organs  in  their  normal  condition. 

'^The  (to  me)  obscure  and  critical  part  of  the  Frohpsis  was  that 
relating  to  the  change  of  the  style  of  Carduus  into  two  leaves.    Mr. 
Brown  has  explained  this.    He  says  it  was  a  puzzle  to  him,  till  he 
went  to  TJpsala  and  consulted  Fries  and  Wahlenberg,  who  informed 
him  that  such  monstrous  Cardui  grew  in  the  neighborhood,  and  pro* 
cured  him  some.    Considering  how  minute  and  masked  the  organs  of 
CompanUB  are,  it  shows  no  litUe  skill  in  Linuffius,  and  a  very  dear* 
view  of  the  whole  matter,  to  have  traced  the  metamorphosis  of  aft 
their  floral  organs  into  leaves,  except  their  stamens,  of  which  he  says, 
*  Sexti  anni  folia  e  staminibus  me  non  in  compositis  vidisse  fateor,  sed  - 
illorum  loco  folia  pistillacea,  qusB  in  compositis  ant  plenis  snnt  freqnen** . 
tissima.'    I  must  say  that  nothing  ooold  well  be  clearer  to  my  mind 
than  the  fbll  and  accurate  appreciation  which  Linn»U8  shows  of  the 
whole  series  of  phenomena,  and  their  ratianah.    He  over  and  over^ 
again  asserts  that  these  organs  are  leaves,  every  one  of  them, — I  do 
not  understand  him  to  say  that  the  prolepsis  is  an  accidentia  change 
of  leaves  into  bracts,  of  bracts  into  calyx,  and  so  fortih.    Even  were 
die  language  more  obscure,  much  might  be  inferred  from  the  wide- 
range  and  accuracy  of  the  observations  he  detaib  so  scientifically.    It- 
is  inconceivable  that  a  man  should  have  traced  the  sequence  of  the 
phenomena  under  so  many  varied  aspects,  and  shown  such  skills- 
knowledge,  ingenuity,  and  accuracy  in  his  methods  of  observing  and 
describing,  and  yet  missed  the  raHonale  of  the  whole.    Eliminate  the' 
speculative  parts,  and  there  is  not  a  single  error  of  observation  or ' 
judgment;  whilst  his  history  of  the  developement  of  bads,  leayesi 
and  fioral  organs,  and  of  various  other  obscure  matters  of  equal  intei^- 
est  and  importance,  are  of  a  very  high  order  of  merit,  are,  in  fiict,  for 
the  time  profound. 
.  ^nereis.nothing  in  all  this  that  detracts  from  the  merit  of  Goedie*s 
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W)t£i  r^octtie  rt  T«4r  I  think, »  dedoctire  process, — ^with 

in']uH7tlv«.\     AcialyBe  lintitfas'ft  ofa«ervalioiis  and  metliodp 

it  will  [trove  a  good  ex&mple  of  iiuJaclive  reasoning. 

I'orL^p^  ProfesAor  Angosto  Sl  HiUire  of  Montpellier 

Ire  \v:lb  Dc  Candolle  the  bonor  of  contribaling  latgely  to 

jtLo   meUinorphic  doctrine; — their  labon  were  ootempo- 

Linna?iii  pobled  out  thjU  the  pappos  was  calyx  :  *  Et 
fg\n  1.x  rparti  acni  foliis,  in  jam  nommatis  Cardnta.* — ProL 

\r  (/.  ij.  //.) 
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A  tenn  first  applied  to  anatomy  by  the  pliilosophers  of  Qermany ;  and 
this  term  Mr.  Owen  adopts,  to  the  exclusion  of  terms  more  loosely  de* 
noting  identity  or  similarity.  And  the  Homology  of  the  yarioos  bones 
of  Tertebrates  having  been  in  a  great  degree  determined  by  the  labors 
of  previons  anatomist^  Mr«  Owen  has  proposed  names  for  each  of  the 
bones :  the  condition  of  sach  names  being,  that  the  homologaes  in  all 
Tertebrates  shall  be  called  by  the  same  name,  and  that  these  names 
shall  be  founded  upon  the  terms  and  phrases  in  which  the  great  ana* 
tomists  of  the  16th,  17th,  and  18th  centuries  expressed  the  results  of 
their  researches  respecting  the  human  skeleton.  These  names,  thui 
selected,  so  &r  as  concerned  the  bones  of  the  Head  of  Fishes,  one  of 
the  most  difficult  cases  of  this  Special  Homology,  he  published  in  a 
Table,*  in  which  they  were  compared,  in  parallel  columns,  with  the 
names  or  phrases  used  for  the  like  purpose  by  Cuvier,  Agassiz,  Geoffiroyi 
Hallman,  ScBmmering,  Meckel,  and  Wagner.  As  an  example  of  the 
considerations  by  which  this  selection  of  names  was  determined,  I  may 
quote  what  he  says  with  regard  to  one  of  these  bones  of  the  skulL 

^With  regard  to  the  'squamosal'  (squamomm.    Lat  pars  sqUA* 
mosa  ofisis  temporis. — Scemmering),  it  might  be  asked  why  the  teiin 

*  temporal'  might  not  be  retained  for  this  bone.  I  reply,  because  that 
term  has  long  been,  and  is  now  unirersally,  understood  in  human  ana* 
tomy  to  signify  a  peculiarly  anthropotomical  coalesced  congeries  of 
bones,  which  includes  the  '  squamosal'  together  with  the  'petrosal,'  the 

*  tympanic,'  the  'mastoid,'  and  the  'stylohyal.'  It  seems  preferable, 
therefore,  to  restrict  the  signification  of  the  term  'temporal'  to  the 
whole  (in  Man)  of  which  the  '  squamosal'  is  a  part  To  this  part  Cu- 
vier has  unfortunately  applied  the  term  '  temporal'  in  one  class,  and 
'  jngal'  in  another ;  and  he  has  also  transferred  the  term  '  temporal'  to 
a  third  equally  distinct  bone  in  fishes ;  while  to  increase  the  confusion 
M.  Agassiz  has  shifted  the  name  to  a  fourth  different  bone  in  the  skuU 
of  fishes.  Whatever,  therefore,  may  be  the  value  assigned  to  the  argiH 
ments  which  will  be  presently  set  forth,  as  to  the  special  homologies 
of  the  '  pars  squamosa  ossis  temporis,'  I  have  felt  compelled  to  express 
the  condusion  by  a  definite  term,  and  in  the  present  instance,  have 
selected  that  which  recalls  the  best  accepted  anthropomorphical  desig- 
nation of  the  part;  although  'squamosal'  must  be  understood  and 
api^ied  in  an  arbitrary  sense  ;  and  not  as  descriptive  of  a  scaleJike 


>  Leeturei  on  Vertebrate9.    1846,  p  168.     And  On  tk€  Areh€iyp§  and  Hamth 
h^$^tk9  VerUbraU  SMtUm.    18i8»  p  178. 
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htm;  whiehiBKferaioetatiieboiiebaQaUadlyfa] 
tfaui  nonnal  figure  in  the  Tertebnte  aeriei.?      ' 

The  priiid{d€8  which  Mr.  Owen  here  edcyCi  m  the  adecti^ 
for  the  perta  of  the  skeleton  are  wiae  and  tenqperate^  Theymwewiih 
the  aphoriflBt  concerning  the  langnage  of  iciehoe  whkk  iipnUiikid  in 
the  Fkilomipk^  of  th$  Iniueihe  Stimiem  ;  and  Mb.  0#en  doai  ma  die 
great  honor  ot  quoting  with  approval  aome  of  those  Aphoriaoak  I 
may  periiaps  take  the  liberty  of  remarkhig  that  the  system  of  tema 
which  he  haa  constmcted,  may,  accordii^  to  oaf  principles,  be  called 
rather  a  Ttrmunoiogy  then  a  KommdoUm:  that  ia,  they  are  aoalogom 
more  nearly  to  the  teruM  by  which  botanists  describe  the  parts  and 
organs  of  plants,  than  to  the  namn  by  which  they  denote  genera  and 
species.  As  we  have  seen  in  the  History,  plants  as  well  as  animals  are 
sabject  to  morphological  laws;  and  the  names  which  are  given  to 
oi^gans  in  consequence  of  those  laws  are  a  part  of  the  Terminology  of 
the  science.  Nor  is  this  distinction  between  Terminology  and  Nomea- 
datnre  without  its  use ;  for  the  rules  of  prudence  and  propriety  in  the 
selection  of  words  in  the  two  cases  are  different.  The  Nomenclature 
ef  genera  and  species  may  be  arbitrary  and  casual,  as  is  the  case  to  a 
great  extent  in  Botany  and  in  Zoology,  especially  of  fossil  remains; 
names  being  given,  for  instance,  simply  as  marks  of  honor  to  indi- 
viduals. But  in  a  Terminology,  such  a  mode  of  derivation  is  not 
admissible :  some  significant  analogy  or  idea  must  be  adopted,  at  least 
as  the  origin  of  the  name,  though  not  necessarily  true  in  all  its  «p^ 
cations,  as  we  have  seen  in  the  case  of  the  '*  squamosal  ^  just  quoted. 
This  difference  in  the  rules  respecting  two  classes  of  scient^c  words  is 
fM^iaih^Aphmsmi  xiiL  andxiv.  concerning  the  Lanpuoffe  of  Sdeneei 

Such  a  Terminology  of  the  bones  of  the  skeletons  of  all  vertebrates 
as  Mr.  Owen  has  thus  propounded,  cannot  be  otherwise  than  an  im- 
mense acquisition  to  science,  and  a  means  of  ascending  from  what  we 
know  already  to  wider  truths  and  new  morphological  doctrines. 

With  regard  to  one  of  these  doctrines,  the  resolution  of  the  human 
head  into  vertebne,  Mr.  Owen  now  r^ards  it  as  a  great  troth,  and  re* 
plies  to  the  objections  of  Cuvier  and  M.  Agassis,  in  detail*  He  gives 
a  Table  in  which  the  Bones  of  the  Head  are  resolved  into  four  verte* 
brsB,  which  he  terms  the  Occipital,  Parietal,  Frontal,  and  Nasal  Yeite* 
bra,  respectively.  These  four  vertebrs&  agree  in  graeral  with  what 
Oken  called  the  Ear-vertebra,  the  Jaw-vertebra,  the  Eye-vertebra,  and 


*  Areh€tjfp€andMinMicgi€9t/th$r4rUbrttt0  8kdHam.    lU^p.141. 
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the  No66-Tertebra,  in  his  work  On  the  Signification  cf  the  Bones  of 
the  Skullj  published  in  1807 :  and  in  varions  d^ees,  with  similair 
views  promulgated  by  Spix  (1815),  Bcjanus  (1818),  Qeoffroy  (1824), 
Cams  1828.  And  I  believe  that  these  views,  bold  and  fanciful  as  they 
at  first  appeared,  have  now  been  accepted  by  most  of  the  principal 
physiologists  of  our  time. 

But  another  aspect  of  this  generalization  has  been  propounded  amoi^ 
physiologists ;  and  has,  like  the  others,  been  extended,  systematized, 
and  provided  with  a  convenient  language  by  Mr.  Owen.  Since  animal 
skdetons  are  thus  made  up  of  vertcbrse,  and  their  parts  are  to  be  under- 
stood as  developements  of  the  parts  of  vertebrse,  Geoffrey  (1822), 
Gams  (1828),  Mtlller  (1834),  Cuvier  (1885),  had  employed  certam 
terms  while  speaking  of  such  developements ;  Mr.  Owen  in  the  Geolo- 
gical Transactions  in  1838,  while  discussing  the  osteology  of  certain 
fossil  Saurians,  used  terms  of  this  kind,  which  are  more  systematic 
than  those  of  his  predecessors,  and  to  which  he  has  given  currency  by 
the  quantity  of  valuable  knowledge  and  thought  which  he  has  embo- 
died in  them. 

According  to  his  Terminology,*  a  vertebra,  in  its  typical  completeness, 
consists  of  a  central  part  or  centrum  ;  at  the  back  of  this,  two  plates 
(the  neural  apophyses)  and  a  third  outward  projecting  piece  (the  neu- 
ral spine),  which  three,  with  the  centrum,  form  a  canal  for  the  spinal 
marrow;  at  the  front  of  the  centrum  two  other  plates  (the  hcemal 
apophyses)  and  a  projecting  piece,  forming  a  canal  for  a  vascular  trunk. 
Further  lateral  elements  (pleuro-apophyses)  and  other  projections,  are 
in  a  certain  sense  dependent  on  these  principal  bones ;  besides  which 
the  vertebra  may  support  diverging  appendages.  These  parts  of  the 
vertebra  are  fixed  together,  so  that  a  vertebra  is  by  some  anatomists 
described  as  a  single  bone ;  but  the  parts  now  mentioned  are  usually 
developed  from  distinct  and  independent  centres,  and  are  therefore 
called  by  Mr.  Owen  ^  autogenous''  elements. 

The  General  Homology  of  the  vertebral  skeleton  is  the  reference  of 
all  the  parts  of  a  skeleton  to  their  true  types  in  a  series  of  vertebras : 
and  thus,  as  special  homology  refers  all  the  parts  of  skeletons  to  a 
given  type  of  skeleton,  say  that  of  Man,  general  homology  refers  all  the 
parts  of  every  skeleton,  say  that  of  Man,  to  the  parts  of  a  series  of  Ver- 
tebrae. And  thus  as  Oken  propounded  his  views  of  the  Head  as  a 
resolution  of  the  Problem  of  the  Signification  of  the  Bones  of  the  Head^ 


*  Arehetyp^andmmohffiesafikeVertebraUl^eeUUm.    1848»^81. 
Vol.  XL— 41. 


642  AI)D1TZ0N& 

80  havo  we  in  liko  manner,  for  the  paiposea  of  General  Homologj, 
to  solve  the  Problem  of  the  Signification  of  Limhi.  The  whole  of  the 
animal  being  a  string  of  vertebrae,  what  are  arms  and  1^8,  hands  and 
paws,  claws  and  fingers,  wings  and  fins,  and  the  like!  This  inqmiy  Mr. 
Owen  has  pursaed  as  a  necessary  part  of  his  inqairies.  In  giving  a  pnb- 
lic  lecture  upon  the  subject  in  1849,^  ho  conceived  that  the  phraae  which 
I  have  just  employed  would  not  be  clearly  apprehended  by  an  English 
Audience,  and  entitled  his  Discourse  '^  On  the  Nature  of  Limbs :"  and 
in  this  discourse  he  explained  the  modifications  by  which  the  varioQs 
kinds  of  limbs  are  derived  from  their  rudiments  in  an  archetypal  ske- 
leton, that  is,  a  mere  series  of  vertebra)  without  head,  arms,  l^s, 
wings,  or  fins. 

Final  Causes, 

It  has  been  mentioned  in  the  History  that  in  the  discussions  which 
took  place  concerning  the  Unity  of  Plan  of  animal  structure,  this  prin- 
ciple was  in  some  measure  put  in  opposition  to  the  principle  of  Final 
Causes  :  Morphology  was  opposed  to  Teleology.  It  is  natural  to  ask 
whether  the  recent  study  of  Morphology  has  aflfected  this  antithesis. 

If  there  be  advocates  of  Final  Causes  in  Physiology  who  would  push 
their  doctrines  so  far  as  to  a^ssert  that  every  feature  and  every  relation 
in  the  structure  of  animals  have  a  purpose  discoverable  by  man,  such 
reasoncrs  are  liable  to  be  perpetually  thwarted  and  embarrassed  by  the 
progress  of  anatomical  knowledge ;  for  this  progress  oflen  shows  that 
an  arrangement  which  had  been  explained  and  admii'ed  with  reference 
to  some  purpose,  exists  also  in  cases  where  the  purpose  disappears ; 
and  again,  that  what  had  been  noted  as  a  special  teleological  arrange- 
ment is  the  result  of  a  general  morphological  law.  Thus  to  take  an 
example  given  by  Mr.  Owen :  that  the  ossification  of  the  head  originates 
in  several  centres,  and  thus  in  its  early  stages  admits  of  compression, 
has  been  pointed  out  as  a  provision  to  facilitate  the  birth  of  viviparous 
animals ;  but  our  view  of  this  provision  is  disturbed,  when  we  find  that 
the  same  mode  of  the  formation  of  the  bony  framework  takes  place  in 
animals  which  are  bom  from  an  egg.  And  the  number  of  points  from 
which  ossification  begins,  depends  in  a  wider  sense  on  the  general 
homology  of  the  animal  frame,  aceording  to  which  each  part  is  com- 
posed of  a  certain  number  of  autogenous  vertebral  elements.     In  this 


*  On  the  Nature  of  Limbiy  a  (liscourse  delivered  at  a  Meeting  of  the  Royal 
IiutitatioD,  1849. 
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way,  the  admission  of  a  new  view  as  to  Unit^  of  Plan  will  almost 
necessarily  displace  or  modify  some  of  the  old  views  respecting  Final 
Caoses. 

But  though  the  view  of  Final  Causes  is  displaced,  it  is  not  obli- 
terated ;  and  especially  if  the  advocate  of  Purpose  is  also  ready  to  admit 
visible  correspondences  which  have  not  a  discoverable  object,  as  well 
as  contrivances  which  have.  And  in  truth,  how  is  it  possible  for  the 
student  of  anatomy  to  shut  his  eyes  to  either  of  these  two  evident  as- 
pects of  nature  ?  The  arm  and  hand  of  man  are  made  for  taking  and 
holding,  the  wing  of  the  sparrow  is  made  for  flying ;  and  each  is  adapt- 
ed to  its  end  with  subtle  and  manifest  contrivance.  Th^re  is  plainly 
Design.  But  the  arm  of  man  and  the  wing  of  the  sparrow  correi^nd 
to  each  other  in  the  most  exact  manner,  bone  for  bone.  Where  is  the 
Use  or  the  Purpose  of  this  correspondence  ?  If  it  be  said  that  there 
may  be  a  purpose  though  we  do  not  see  it,  that  is  granted.  But  Final 
Causes /or  us  are  contrivances  of  which  we  see  the  end;  and  nothing 
is  added  to  the  evidence  of  Design  by  the  perception  of  a  unity  of  plan 
which  in  no  way  tends  to  promote  the  design. 

It  may  be  said  that  the  design  appears  in  the  modification  of  the 
plan  in  special  ways  for  special  purposes ; — that  the  vertebral  plan  of 
an  animal  being  given,  the  fore  limbs  are  modified  in  Man  and  in  Spar- 
row, as  the  nature  and  life  of  each  require.  And  this  is  truly  said ; 
and  is  indeed  the  truth  which  we  are  endeavoring  to  bring  into  view  : 
— that  there  are  in  such  speculations,  two  elements ;  one  given,  the 
other  to  be  worked  out  from  our  examination  of  the  case ;  the  datum 
and  the  problem  ;  the  homology  and  the  teleology. 

Mr.  Owen,  who  has  done  so  much  for  the  former  of  these  portions 
of  our  knowledge,  has  also  been  constantly  at  the  same  time  contri- 
buting to  the  other.  While  he  has  been  aiding  our  advances  towards 
the  Unity  of  Nature,  he  has  been  ever  alive  to  the  perception  of  an 
Intelligence  which  pervades  Nature.  While  his  morphological  doc- 
trines have  moved  the  point  of  view  from  which  he  sees  Design,  they 
have  never  obscured  his  view  of  it,  but,  on  the  contrary,  have  led  him 
to  present  it  to  his  readers  in  new  and  striking  aspects.  Thus  he  has 
pointed  out  the  final  purposes  in  the  different  centres  of  ossification  of 
the  long  bones  of  the  limbs  of  mammals,  and  shown  how  and  why 
they  differ  in  this  respect  from  reptiles  {Archetype^  p.  104).  And  in 
this  way  he  has  been  able  to  point  out  the  insufficiency  of  the  rule  laid 
down  both  by  Geoffiroy  St.  Hilaire  and  Cuvier,  for  ascertaining  the 
true  number  of  bones  in  each  species. 
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Final  Gaiises,  or  Eridences  of  Design,  appear,  ai  we  hare  aaid,  not 
merely  as  contriyances  for  evident  porpoBee,  bnt  aa  modificationa  of  a 
pren  general  Plan  for  special  given  ends.  If  the  general  Plan  be  dis- 
covered after  the  contrivance  has  been  noticed,  the  discovery  may  at 
first  seem  to  obscure  oar  perception  of  Purpose ;  but  it  will  soon  be 
found  that  it  merely  transfers  us  to  a  higher  point  of  view.  The  adap- 
tation of  the  Means  to  the  End  remains,  though  the  Means  are  parts 
of  a  more  general  scheme  than  we  were  aware  o£  No  generalization  of 
the  Means  can  or  ought  permanently  to  shake  our  conviction  of  the  End ; 
because  we  must  needs  suppose  that  the  Intelligence  which  contem- 
plates the  End  is  an  intelligence  which  can  see  at  a  glance  along  a 
vista  of  Means,  however  long  and  complex.  And  on  the  other  hand, 
no  special  contrivance,  however  clear  be  its  arrangement,  can  be  un- 
connected with  the  general  correspondences  and  harmonies  by  which 
all  parts  of  nature  are  pervaded  and  bound  together.  And  thus  no 
luminous  teleological  point  can  be  extinguished  by  homology ;  nor,  on 
the  other  hand,  can  it  be  detached  from  the  general  expanse  of  homo- 
logical  light. 

The  reference  to  Final  Causes  is  sometimes  spoken  of  as  unphiloso- 
phical,  in  consequence  of  Francis  Bacon's  comparison  of  Final  Causes 
in  Physics  to  Vestal  Virgins  devoted  to  God,  and  barren.  I  have  re- 
peatedly shown  that,  in  Physiology,  almost  all  the  great  discoveries 
which  have  been  made,  have  been  made  by  the  assumption  of  a  pur- 
pose in  animal  structures.  With  reference  to  Bacon's  simile,  I  have 
elsewhere  said  that  if  he  had  had  occasion  to  develope  its  bearings,  full 
of  latent  meaning  as  his  similes  so  often  are,  he  would  probably  have 
said  that  to  those  Final  Causes  barrenness  was  no  reproach,  seeing  thev 
ought  to  be  not  the  Mothers  but  the  Daughters  of  our  Natural  Scien- 
ces ;  and  that  they  were  barren,  not  by  imperfection  of  their  nature,  bnt 
in  order  that  they  might  be  kept  pure  and  undefiled,  and  so  fit  minis- 
ters in  the  temple  of  God.  I  might  add  that  in  Physiology,  if  they 
are  not  Mothers,  they  are  admirable  Nurses ;  skilful  and  sagacious  in 
perceiving  the  signs  of  pregnancy,  and  helpful  in  bringing  the  Infant 
Truth  into  the  light  of  day. 

There  is  another  aspect  of  the  doctrine  of  the  Archet3q)al  Unity  of 
Composition  of  Animals,  by  which  it  points  to  an  Intelligence  from 
which  the  frame  of  nature  proceeds ;  namely  this : — ^that  the  Arche- 
type of  the  Animal  Structure  being  of  the  nature  of  an  /rfea,  implies  a 
mind  in  which  this  Idea  existed ;  and  that  thus  Ilomology  itself  points 
the  way  to  the  Divine  Mind.    But  while  we  acknowledge  the  full 
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value  of  this  view  of  theological  bearing  of  physiology,  we  may  venture 
to  say  that  it  is  a  view  qaite  different  from  that  which  is  described 
by  speaking  of  ^  Final  Caases,**  and  one  much  more  difficult  to  present 
in  a  lucid  manner  to  ordinary  minds. 


BOOK   XVIIL 


GEOLOGY. 


FTH  regard  to  Geology,  as  a  Palsetiological  Science,  I  do  not 
know  that  any  new  light  of  an  important  kind  has  been  thrown 
upon  the  general  doctrines  of  the  science.  Surveys  and  examinations 
of  special  phenomena  and  special  districts  have  been  carried  on  with 
activity  and  intelligence ;  and  the  animals  of  which  the  remains  people 
the  strata,  have  been  reconstructed  by  the  skill  and  knowledge  of  zoo- 
logists : — of  such  reconstructions  we  have,  for  instance,  a  fine  assem- 
blage in  the  publications  of  the  Palsoontological  Society.  But  the 
great  questions  of  the  manner  of  the  creation  and  succession  of  animal 
and  vegetable  species  upon  the  earth  remain,  I  think,  at  the  point  at 
which  they  were  w^hen  I  published  the  last  edition  of  the  History. 

I  may  notice  the  views  propounded  by  some  chemists  of  certain  bear- 
ings of  Mineralogy  upon  Geology.  As  we  have,  in  mineral  masses, 
organic  remains  of  former  organized  beings,  so  have  we  crystalline 
remains  of  fonner  crystals ;  namely,  what  are  commonly  called  pseu- 
domorphoses — the  shape  of  one  crystal  in  the  substance  of  another. 
M.  G.  BischofF*  considers  the  study  of  pscudomorphs  as  important  in 
geology,  and  as  frequently  the  only  means  of  tracing  processes  which 
have  taken  place  and  are  still  going  on  in  the  mineral  kingdom. 

I  may  notice  also  Professor  Breithaupt's  researches  on  the  order  of 
succession  of  different  minerals,  by  observing  the  mode  in  which  they 
occur  and  the  order  in  which  different  crystals  have  been  deposited, 
promise  to  be  of  great  use  in  following  out  the  geological  changes 
which  the  crust  of  the  globe  has  undergone.  {Die  Paragenesis  der 
Mineralien,     Freiberg.     1849.) 

In  conjunction  with  these  may  be  taken  M.  de  Senarmont's  experi- 
ments on  the  formation  of  minerals  in  veins;  and  besides  Bischoff's 


^  Chemical  and  Physical  CMogy, 


oiOLOOY.  647 

Chemical  Geolopyf  Sartorins  yon  Walterhaiueii's  ObserratioDB  on  the 
occnrrence  of  minerals  in  Amygdaloid. 

As  a  recent  example  of  specalations  concerning  Botanical  Pal»tio- 
logy,  I  may  give  Dr.  Hooker's  views  of  the  probable  history  of  the 
Flora  of  the  Pacific 

In  speculating  upon  this  qaestion,  Dr.  Hooker  is  led  to  the  discus- 
sion of  geological  doctrines  concerning  the  former  contmuity  of  tracts  of 
land  which  are  now  separate,  the  elevation  of  low  lands  into  mountain 
ranges  in  the  course  of  ages,  and  the  like.  We  have  already  seen,  in  the 
speculations  of  the  late  lamented  Edward  Forbes,  (see  Book  xviii.  chap, 
vi.  of  this  History,)  an  example  of  a  hypothesis  propounded  to  account 
for  the  existing  Flora  of  England :  a  hypothesis,  namely,  of  a  former 
Connexion  of  the  West  of  the  British  Isles  with  Portugal,  of  the  Alps 
of  Scotland  with  those  of  Scandinavia,  and  of  the  plains  of  East  Anglia 
with  those  of  Holland.  In  like  manner  Dr.  Hooker  says  (p.  xxi.)  that 
he  was  led  to  speculate  on  the  possibility  of  the  plants  of  the  Southern 
Ocean  being  the  remains  of  a  Flora  that  had  once  spread  over  a  larger 
and  more  continuous  tract  of  land  than  now  exists  in  the  ocean ;  and 
that  the  peculiar  Antarctic  genera  and  species  may  be  the  vestiges  of  a 
Flora  characterized  by  the  predominance  of  plants  which  are  now  scat- 
tered throughout  the  Southern  islands.  He  conceives  this  hypothesis 
to  be  greatly  supported  by  the  observations  and  reasonings  of  Mr.  Dar- 
win, tending  to  show  that  such  risings  and  sinkings  are  in  active  pro- 
gress over  large  portions  of  the  continents  and  islands  of  the  Southern 
hemisphere :  and  by  the  speculations  of  Sir  C.  Lyell  respecting  the 
influence  of  climate  on  the  migrations  of  plants  and  animals,  and  the 
influence  of  geological  changes  upon  climate. 

In  Zoology  I  may  notice  (following  Mr.  Owen)'  recent  discoveries  of 
the  remains  of  the  animals  which  come  nearest  to  man  in  their  struc- 
ture. At  the  time  of  Cuvier's  death,  in  1832,  no  evidence  had  been 
obtained  of  fossil  Quadrumana ;  and  he  supposed  that  these,  as  well  as 
Bimana,  were  of  very  recent  introduction.  Soon  after,  in  the  oldest 
(eocene)  tertiary  deposits  of  Suffolk,  remains  were  found  proving  the 
existence  of  a  monkey  of  the  genus  Macacus.  In  the  Himalayan  ter- 
tiaries  wore  found  petrified  bones  of  a  Semnopithecus;  in  Brazil,  remains 
of  an  extinct  platyrhine  monkey  of  great  size ;  and  lastly,  in  the  mid- 
dle tertiary  series  of  the  South  of  France,  was  discovered  a  fragment  of 
the  jaw  of  the  long-armed  ape  {Hylohates),    But  no  fossil  human 
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remaiiui  have  been  discovered  in  the  r^^nkrly  depoiited  ImyerB  of  any 
of  the  divisions  (not  even  the  pliocene)  of  the  tertiaiy  teries ;  and  thna 
we  have  evidence  that  the  placing  of  man  on  the  earOi  was  the  last  and 
peculiar  act  of  Creation, 
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Tk*  Imd  »f  i(Miiiliif»!.  By  J.  M.  Wninwriffht, 

Il.b.   Mi-r.>rr.^ 6  C 

Tka  GNw«ni«rbi«liuiil.  By  Amm  FtricklMd. 
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lUytl  (•••ict  fr.m  th«  GalUriM  of  Eurape. 

40  F^itftiiviniFi. 99  C 
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